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THE STORY OF ATOMIC 
ENERGY. 


II].—_ENERGY AND ELECTRICITY. 
By Dr. Freperiok Soppy, F.R.8.* 


Unt the middle of last century, heat was fairly 
generally regarded as an imponderable fluid, called 
“caloric,” insinuating itself between the ultimate 
particles of matter and possessing the property of 
self-repulsion and so causing expansion and the 
changes of state from the solid or liquid to the 
gaseous. This view differed somewhat from the 
stationary atmospheres of heat with which Lavoisier, 
Higgins, and later workers had surrounded the 
hard solid nuclei of Newton’s atoms, and doubt- 
less owed something to the necessity of postulat- 
ing a similar electric fluid to account for electrical 
conduction after the work of Stephen Gray 
(1695-1736), and, even more so, after the dis- 
covery Of galvanic electricity at the end of the 
century, and of the voltaic pile, which was the 
first form of the now familiar electric battery. In 
the great revision which gave us the chemical 
nomenclature, still in current use, effected by 
Lavoisier and his compatriots after the downfall 
of the phlogiston theory, the term “ caloric” was 
adopted for this “exquisitely elastic fluid,” which 
they had formerly called the igneous fluid, or the 
fire-material. Contrary to common impression, 
Lavoisier held views as to the combustion aspect 
of the nature of combustion almost identical with 
those of the phlogistonists, if a little more definite 
and general. To him the gases were compounds 
of the non-volatile base of the gas with caloric. 
Combustible substances and metals had a stronger 
attraction for the oxygen-base than that exercised 
by the caloric and so expelled the latter during 
combustion. 

The modern view of heat as “‘ a mode of motion ” 
can be traced back to the famous Novum Organon 
of Francis Bacon (1561-1626), whose “‘ First Vintage 
Concerning the Form of Heat,” meaning provisional 
hypothesis as to its nature, was “‘an expansive, 
bridled motion struggling in the small particles 
of matter.” To the same work can be traced the 
origin of our modern system of “dimensions,” 
based on the three fundamental physical quantities, 
mass, M, length, L, and time, T, which, with the 
units, respectively, gramme, centimetre and second, 
give us the so-called C.G.S., or absolute system of 
units. It is customary, nowadays, to express by 
combination of these dimensions, the “form” 
of all quantities susceptible to exact physical 
measurement, without reference either to merely 
numerical factors, or to the particular attributes 
by which these quantities are generally recognised. 
This, incidentally, enables modern science to escape 
any further awkward questions as to their “ real ” 
nature, or whether they actually exist as separate 
entities; though it is hardly possible to avoid 
regarding an indestructible and non-creatable 
quantity, such as energy, as not existing, and this 
is what gives to the search for laws of conservation 
their peculiar significance. 


Laws OF THERMODYNAMICS. 


At the very end of the Eighteenth Century the 
conclusion that heat was a mode of motion had 
been reached by the versatile Count Rumford 
(originally Benjamin Thompson, 1753-1814), born 
at North Woburn, Mass., U.S.A., who founded the 
Royal Institution in London in 1799, having as 
one of its principal objects improvement in the 
management of fire. Rumford, whose portrait is 
reproduced in Fig. 7,f on this page, had reached 
his conclusion from his well-known experiments on 
the boiling of water by the heat produced during 
the boring of cannon by gear turned by horses. 
Davy, also, arrived at the same conclusion in 1799 








* We have arranged with Dr. Soddy to publish his new 
book, The Story of Atomic Energy, in the form of a series of 
articles which will appear at fortnightly intervals 
approximately. Dr. Soddy, however, retains the 


copyright: therefore no extract may be made from these 
articles without his permission.—Epb. E. 

+ Figs. 7, 11, 12 13 and 14 have been taken from 
Routledge’s Popular History of Science, Second Edition. 





from his experiments on the melting of ice by rubbing 
two pieces together in a vacuum. But old confu- 
sions, resulting mainly from using the term ‘‘ force ” 
for what is now distinguished by the separate term 
“energy,” as, for example, in the controversy 
concerning the ‘‘ Conservation of Forces,” had to 
be cleared up before further progress was possible 
in what is now known as the Dynamical Theory of 
Heat, and, in its particular and simplest application 
to the case of matter in the gaseous state, the 
Kinetic Theory of Gases. Just because for gases 
the energy is easily measurable, whereas the masses, 


forces and velocities, concerned in the motion, | M 


cannot be directly apprehended, the Kinetic Theory 
played a leading part in the establishment of the 
Law of Conservation of Energy as a general truth. 
As the First Law of Thermodynamics, expressing 
the relation between the two forms of energy, heat 
and work, it was established by the well known 
experiments of Joule of Manchester (1843-9), who 
determined the mechanical equivalent of heat, 
and by the theoretical work of J. R. Mayer (1842), 
a German physician. Later, this was extended to 
all forms of energy, in the sense that whenever one 
form appears or disappears the other form, in some 
constant exchange-ratio, disappears or appears, 
from which the conclusion is that energy, like matter, 
can neither be created nor destroyed. By a very 





1S 
Fie. 7. Count Rumrorp. 


remarkable inversion, however, the more elusive 
Second Law of Thermodynamics, as it is now 
termed, was formulated perfectly correctly by 
Carnot in 1824, not from the dynamical theory, 
but from the caloric theory, and still is far easier 
to understand and expound on the idea of heat as a 
fluid than as a mode of motion. 

Carnot’s Theorem is perhaps the most original 
and remarkable feat of pure reasoning in the science 
of the Nineteenth Century, having some resemblance 
to the Einstein identification of mass and energy, 
in that the conclusion hardly seems to be connected 
with the reasoning, and in not involving any 
particular theory as to the nature of matter orenergy. 
This character the science of thermodynamics 
which he founded still, in its most generalised sense, 
retains and proudly proclaims. He likened the 
mechanical power of heat to that of a head of water. 
Just as water only does work by falling to a lower 
level, so work is only done by heat in falling to a 


w 
lower temperature. His famous theorem, =” 
T, —Te 





, or, in words, that the maximum possible 


proportion of the heat convertible into work is the 
same as the proportion of the fall of temperature 
to the original temperature, measured in deg. C. 
from the absolute zero (— 273 deg. C.), preceded 
and indeed necessitated and led to the idea of an 
absolute zero, at which all bodies are completely 
devoid of heat. On the caloric theory this theorem, 
up to a point, is axiomatic ; for the temperature is a 
measure of the quantity of caloric present in the 





working fluid, and the final temperature measures 








the amount left in the working fluid. Whatever may 
have become of the heat lost by the working fluid 
by the fall of temperature, whether it goes to waste 
or otherwise vanishes, clearly only that, usually 
small, part of the heat that leaves the working 
system can be in any way related to the work done 
by it. 


In dynamics and statics, the dimensions of force 
2 
are es and of energy s Since the dimensions 


of velocity, V, are 


. 
es forces are measured by the change of momen- 


and of momentum, M V, or 


tum they produce in masses free to move per unit 
of time, and energy by the product of the force 
acting, as so measured, and the distance through 
which they act, and through which the body acted 
upon moves. The C.G.S. unit of force is the dyne, 
being the force that will change the velocity of (or 
accelerate) a mass of one gramme, free to move, by 
lem. per second. Since gravitational force is about 
980 dynes, the dyne is thus nearly the weight of 
1 mg. The C.G.S. unit of energy is the erg, and is 
the kinetic energy given to a mass of 1 gramme 
free to move by the force of one dyne acting through 
a distance of 1 cm. Alternatively, as 4 mv* for 
the kinetic energy, the erg is the mass of 2 grammes 
moving at unit velocity, 1 cm. per second. The 
heat-unit, the calorie, as the heat required to raise 
1 gramme of water 1 deg. C., is 41-8 million ergs, 
so that to convert calories into absolute units they 
are multiplied by this factor. 

Since is defined as force per unit area, 
and volume has the dimensions L’, the product of 
pressure and volume, like the product of force and 
length, is an energy quantity. The gas laws of 
Boyle (or Mariotte), and of Gay-Lussac, connecting 
the changes in the volume caused by changes in 
pressure and temperature, combine to give the 
simple equation P V = RT, where T is the absolute 
temperature, and R is a constant, the same for all 
gases when equal volumes, V, at the same tempera- 
ture, T, and pressure, P, are compared (with the 
reservation already noted, that they are sufficiently 
far removed from their point of liquefaction for the 
gas laws to apply accurately). It will be noticed 


that R, or a is a purely experimental quantity 


having the same value for equal volumes of different 
gases at the same temperature and pressure, and that 
is, by Avogadro’s Law, for equal numbers of mole- 
cules. If the equation refers to the gramme-mole- 
cule of gas, that is to 2 grammes of hydrogen, 32 
grammes of oxygen, and so on, R has the value in 
heat-units of almost exactly 2 calories. Our 
present purpose, however, is not to assume that 
law so much as to show to what it leads. 

The PV of the equation represents the energy 
required for the work done in forming the gas from 
a solid of negligible volume against the external 

P, as, for example, by gasifying the solid 
in a cylinder closed by a movable piston, and driving 
out the piston against the pressure of the atmo- 
sphere until the volume of the cylinder increases 
from zeroto V. This heat-energy is used in addition 
to that required to raise the temperature of the gas. 
So it comes about that the molecular heat (specific 
heat x molecular weight) of a gas at constant 
pressure (and allowed to expand), which is called Cp, 
is always greater by 2 than at constant volume 
(when no work has to be done against the external 
pressure of the atmosphere) which is called C,. 


. Cy +2 
The ratio of these two specific heats 3 or os” ‘ 
0 


‘0 
is quite easy to determine experimentally from 
the velocity of sound in the gas, and is an invaluable 
guide to the complexity of the molecule and the 
number of atoms constituting it, becoming less 
as the complexity increases. For monatomic gases, 
as those of Group O of the Periodic Law, but in 
general also for metals, as mercury, when volatile, 
it is §, making C, equal to 3 ; for diatomic gases 
it is usually 7 and so on, the numerator and 
denominator always differing by 2, but both 
increasing by equal amounts as more and more of 
the heat is used, not in increasing the velocity of 
translation of the molecules, but in producing 





internal motions in the molecular structure. Con- 
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fining the case to the monatomic gases, for which 
the molecules are not structures but single atoms, 
the heat used up in increasing the energy of trans- 
lation of the atoms is 3 calories for the gramme 
molecule per 1 deg. C. rise of temperature. This 
is independent of the mass of the atom or molecule, 
and Avogadro’s Law means that the average kinetic 
energy of translation of all the molecules is the same, 
whether light or heavy, and therefore that their 
average velocity, as calculated from their kinetic 
energy, must be inversely proportional to the square 
root of their mass, thus being four times greater 
for hydrogen than for oxygen. 


Tue Kryetic Tuzory or Gass. 


These conclusions are identical with those reached 
by the mathematical physicists who developed 
the kinetic theory, by applying the ordinary laws 
of dynamics to any assemblage of free moving 
particles. By their perpetual collision with one 
another and with the walls of the container, they 
will come into an equilibrium condition in which, 
while there will be a considerable range of velocities 
even for the particles of the same mass, the kinetic 
energy becomes equally divided among all the 
particles irrespective of their masses, the light ones 
having the same energy on the average as the heavy 
ones. It is the first consequence of a dynamical 
law of great generality known as the Law of Equi- 
partition of Energy. 

The next consequence is that this law applies also 
to each distinct kind of independent movement— 
called in this connection ‘degree of freedom ”— 
possessed by the moving particle, to the motions of 
revolution and vibration as well as to that of 
translation, each degree of freedom taking the same 
average share of the energy. We need not here 
go farther into this aspect, beyond saying that 
motion of translation is regarded as possessing 
three degrees of freedom, one for each of the three 
spatial co-ordinates, and the three calories of the 
monatomic molecule per 1 deg. C., therefore, repre- 
sent one calorie for each degree of freedom, and 
that the two extra calories absorbed by the diatomic 
molecules therefore indicate two extra degrees of 
freedom due to the mutual gyration of the two 
atoms forming the molecule. 

Another consequence of more immediate import- 
ance is to be found in the molecular heat of solids, 
where the component atoms have no free movement 
of translation, but exist in a state of perpetual 
vibration. Dulong and Petit’s law, that the 
atomic heats of the elements are approximately a 
constant, namely, 6, would appear to be the result 
of equality of the average kinetic and potential 
energy, as in the vibration of a pendulum, the 
former being three calories per 1 deg. C., as for the 
monatomic gas, and the latter contributing another 
three calories, making a total of six. If so, then 
the two main methods of the determination of the 
multiple of the chemical equivalent to be used for 
the atomic weight, one from the gas density by 
Avogadro’s Law and the other from the atomic 
heat by Dulong and Petit’s Law, apparently so 
completely different, become in reality both expres- 
sions of the same dynamical laws regarding the 
equipartition of energy. If the kinetic energy of 
translation is taken as three calories per deg. C., 
for the gramme-molecule, the “average ” velocity 
of the molecules can be calculated at once by the 

reader for himself, if so minded, from the data 
already given. For hydrogen at 15 deg. C. (288 deg. 
abs.), it is about 1-9 km. (rather over a mile) per 
second. Here the word “average ” means not the 
linear average of the velocitics, but, from its deriva- 
tion, the square root of their mean square. 

It is to be noted that this result does not depend 
on the number of molecules in the gramme-molecule, 
M, since the kinetic energy of M grammes is un- 
affected by subdivision so long as we are content to 
give the parts the same “ average ” velocity as the 
whole. Thus two grammes of hydrogen has the 
kinetic energy of translation equivalent to 3 T 
calories, which, at 15 deg. C., is 864 calories, or 
3-6 x 10° érgs. Since the mass is two grammes, 
the square root of this, 1-9 x 105, is the velocity 
in. cm. per second, i.e., 1-9 km. per second. 

The kinetic theory of gases applies also to liquids, 
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attractions of the molecules that cause liquefaction 
are balanced and cancel out. At the surface, where 
they are wholly unbalanced, they cause surface 
tension which makes a drop which is free to move 
assume the spherical form, but most of this surface 
tension arises from a very thin skin, not many 
molecules thick. In the interior, osmotic pressure 
is the analogue of gas pressure. It was discovered 
by Pfeffer, a plant physiologist, and is the cause of 
the ascent of sap in growing plants and trees. To 
render it evident needs a semi-permeable membrane, 
such as plant-cells possess, but which can easily be 
artificially made, through which water or other 
solvent passes freely, but not the dissolved sub- 
stances. In consequence, the impact of the mole- 
cules of the latter alone generate an unbalanced 
pressure, namely, osmotic pressure. This may be 
very great (several hundred atmospheres) for strong 
solutions, and is difficult, though by no means 
impossible, to measure directly. 

Its importance, here, is that it removed the hiatus, 
previously referred to, in the determination of the 
molecular weight of non-volatile organic compounds, 
which at first was a hindrance to determining their 
structure. Thermodynamical reasoning permits 
two simple experimental methods of determining 
the osmotic pressure indirectly, namely, the rise 
of boiling point and the depression of the freezing 
point, respectively, of the solvent, caused by the 
dissolved substance. These methods allow the 
molecular weight of non-volatile soluble substances 
to be determined now as easily as that of volatile 
substances from the vapour-density. More impor- 
tant, theoretically, was the discovery made in this 
way of the complete, or partial, dissociation of 
electrolytes in aqueous solution ‘into their positive 
and negative ions, which led to the Arrhenius theory 
ly mentioned, and which will be referred to 


again 
Brownian MovEMENT AND AvoGADRO’s NUMBER. 


Far more remarkable consequences of this change 
of conception of the nature of the molecule have 
occurred in the present century, but as they put 
the coping-stone on a long and difficultly con- 
structed theoretical edifice, they are included here 
for convenience, and, also, because the basic theory 





so far a3 their interior is concerned, where the mutual 


was, for the most part, developed by mathematical 
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physicists of last century, notably by Kronig, 
Clausius, Lord Kelvin, and Clerk Maxwell, and later 
by Boltzmann, O. E. Meyer and van der Waals. 
In the first decade of this century, the French 
physical-chemist, Jean Perrin, not only gave 4 
convincing proof that Brownian movement was 
nothing but the perpetual motion of molecules, 
but actually, by purely experimental observations 
of it, counted the number of molecules in the 
gramme-molecule. This number known, in honour 
of the original pioneer, as Avogadro’s Number, with 
symbol N, is 6 x 10*. 

Brownian movement, named after its discoverer, 
Brown, a naturalist, was the first fruit of the 
application of the achromatic objective to micro- 
scopic work. Though it took a century to prove, 
that extension of resolving power brought into 
the region of the visible particles large enough to 
see yet small enough to reveal, by their perennial 


agitation, the ~ calorie of kinetic energy possessed 


alike, whether by gas-molecules or by the micro- 
scopic solid or liquid particles forming an emulsion. 
Below a certain size, as Perrin showed, every 
particle is endowed with a perpetual lively and 
highly irregular movement, so that it is difficult to 
believe they are not alive—the smaller ones very 
much alive. In one of the most beautiful theoretical 





and experimental investigations in science, Perrin 
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showed that, in an emulsion, the separate particles 
should distribute themselves in height as the 
molecules of gas do in an atmosphere, and obey 
the same geometrical law of rarefaction as you 
ascend. In the atmosphere the air, 14-4 times 
denser than hydrogen, is reduced to one-half by 
the ascent of 6 km., starting from any level 
you please. In an atmosphere of hydrogen, this 
would occur at a height of 14-4 times greater, at 
86:4km. 

Perrin prepared, by fractionally centrifuging 
emulsions of gamboge and mastic, emulsions with 
the particles all of uniform size and spherical in form, 
from the measurement of the diameter of which 
by the microscope, the weight of the single particle 
could be calculated. For these emulsions he then 
measured, under the microscope, their “ half- 
heights,” #.e., the height required to reduce the 
number of particles in the emulsion to one-half. 
For a gamboge granule, 0-14 » in diameter, yp 
being the microscopist’s unit, one thousandth of a 
millimetre, the half-height was one-tenth of a 
millimetre, and the effective weight, estimated 
from the diameter, and specific gravity in the liquid, 
was one four-hundred-thousand millionth of a 
gramme. As 86-4 km. is to one-tenth of a milli- 
metre so is this weight to the weight of the hydrogen 
molecule. Figs. 8 and 9, opposite, are reproduced 
from drawings by Perrin showing the distribution in 
height of colloid granules. Fig. 8 is for granules of 
gamboge (0-6, diameter; four levels taken every 
10), and Fig. 9 is for granules of mastic (lp dia- 
meter; three levels taken every 12y). Fig. 10 is a 
diagram of the simple disposition used in the work. 

The value for N he so arrived at in these experi- 
ments was about 12 per cent. greater than that 
given above, which is the mean of the best deter- 
minations which the growth of atomics in the 
Twentieth Century rendered possible by entirely 
different methods, and is believed to be accurate 
to within 1 per cent. By using relatively enormous 
spherical granules, with surface markings sufficient 
to reveal their rotational movement, Perrin was even 
able, with the help of the mathematical theory of 
the process supplied by Einstein, to show that the 
law of equipartition of energy applied to their 
rotation. 


Tue Mo.ecuie To-pay. 


Thus, during the course of a century, there has 
come about gradually what amounts to a complete 
reversal in the original idea underlying the molecule, 
from its being the smallest particle representative of 
a compound substance, which by further subdivision 
would be decomposed into its elements, to its being 
the continuously os oT to-move particle 


having the kinetic energy > ae calorie, where T is 


the absolute temperature and N Avogadro’s Number. 
This is2-07 T x 10-** erg, or,in the new unit, dis- 
cussed later, 1-3T x 10-* e.v. (electron-volt), the 
latter (e.v.) being 1-59 x 10- erg. At room 
temperature, 15 deg. C. or 288 deg. A., this is 
0-038 e.v. True, in chemistry the original meaning 
still holds good, but is indefinite, as there is no sharp 
dividing line between the chemical and physical 
character. Dissociation and polymerisation, as, 
for example, in nitrogen peroxide, which at low 
temperature exists as colourless N,O, molecules and, 
above 140 deg. C., of so intensely coloured orange-red 
molecules, NO,, as to appear black in thin layers, 
though primarily physical in their main conse- 
quences, as affecting the density and colour of the 
gas, are certainly chemical in nature. Changes 
in the state of aggregation of the molecules of this 
character may or may not be of great importance 
chemically. In the molecular theory we are dealing 
with the equipartition of energy, not of matter as 
in the atomic theory, but as energy is, as far as yet 
considered, a continuous function of the tempera- 
ture, there is no “‘ atom ” of energy as there is of 
matter. 


ELECTRICITY. 


The Greek word for amber is “electron” and 


Thales is stated to have known of the attraction of 
light particles by rubbed amber, but the science of 
electricity and magnetism is the youngest of the 
sciences, and is usually regarded as having begun 
in 1600 with William Gilbert, who wrote a book on 








magnets, and electrical attraction. The Seventeenth 
Century brought (1672) Guericke’s first electro- 
static frictional machine—a sulphur sphere rubbed 
as it was turned on its axis—which gave feeble 
electric sparks, and by which its inventor discovered 
that bodies charged by it repel one another. In 
the next century, Gray’s experiments with metal 
wires and silken cords first distinguished between 
insulators and electric conductors. Du Fay recog- 
nised the two kinds of static electricity given when 
vitreous and resinous substances are rubbed and 
now called, respectively, positive and negative. 
He is the author of the “two-fluid” theory, as 
opposed to the “ one-fluid” of Benjamin Franklin 
(1706-1790). The latter theory is similar to the 
view now taken of heat as the entity, and cold as 
due to its absence, but, unfortunately, it is what 
was termed negative electricity which is the real 
entity in all the commoner manifestations of the 
electric “ fluid,” positive electricity being the absence 
of negative. 

The Leyden jar dates from 1746, and 1752 
brought the famous kite experiment bringing the 
lightning down to earth, in which Benjamin Franklin 
escaped, as by a miracle, the fatal consequences 
that befell Richman a year later, when repeating 
the experiment. Coulomb invented the torsion 
balance, and discovered with it his laws of electric 
and magnetic attraction, which decrease as the 
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square of the distance. Galvanic, voltaic or current 
electricity, as well as practically all the major 
developments, belong wholly to the Nineteenth 
Century. Galvani’s discovery, in 1780, that the 
legs of a dissected frog act as a sensitive electro- 
scope, registering the passage of electric sparks in 
the neighbourhood, led him on to make that of 
contact electricity, produced by the contact of 
dissimilar metals. This, in turn, enabled Volta, in 
1799, to construct the first rudimentary form of 
the primary electric battery, a pile of alternate 
zine and copper or silver discs with, in between, 
layers of paper or leather moistened with salt water. 
With this voltaic pile, only a few months later, 
Carlisle and Nicholson auspiciously inaugurated 
the Nineteenth Century by decomposing water into 
hydrogen and oxygen. 

The amazing fact about the voltaic pile, or battery, 
is that, though it is the zine plate which, by its 
solution in the acid liquid, generates the energy 
of the current, the hydrogen given off by its solution 
appears at the copper plate, the gas-film causing 
polarisation and the practical stopping of the action 
by virtually breaking the circuit. In the modern 
primary battery, the first of which was the Daniell 
cell, this is prevented by immersing the copper, 
or other positive element, in a porous earthenware 
cell containing a depolarising liquid, which in the 
Daniell cell was a solution of copper sulphate, but 
in other forms, as in the Bunsen and the Grove cells, 
was a strong oxidising reagent as nitricacid. With 
a soluble bichromate for the oxidiser the porous 
potis unnecessary. However, Davy’s celebrated de- 
composition of the fused alkalies and his isolation 


of the spectacular alkali-metals, sodium and potas- 

sium, 1808, catching fire or exploding in contact 
with water, was performed by the original type of 
rapidly polarising battery, which renders that his- 
toric feat the more remarkable. 

The chief landmarks in the progress of the 
Nineteenth Century, which call for mention here, 
are two, both originating with Faraday (1791-1867), 
the first as to the nature of electrolysis and the 
second his discovery of electromagnetic induction. 
Faraday, whose portrait is reproduced in Fig. 11, 
visualised the conduction of electricity in electrolytes 
or liquids conducting and being decomposed by the 
current, as due to ions, meaning “goers.” These 
are positively and negatively charged molecules, 
which are attracted to the negative and positive 
electrodes, respectively, there giving up their 
charge, and being either liberated as gases or 
deposited as metals on the electrodes. His simple 
laws of electrolysis can be summarised by the 
statement that, when the same electric current is 
passed through a number of such liquids in series, 
the different quantities of the various decomposition 
products are proportional to their chemical equiva- 
lents. Hence we have the modern unit, the Faraday, 
F, 96,550 coulombs (2-9 x 10% absolute electro- 
static units) as the quantity of electricity carried 
by one gramme equivalent (1 g. of hydrogen, 
8 g. of oxygen, 31-5 g. of copper in cupric salts, 
and so on). For the logical implication, however, 
that electricity also must consist of atoms, as in the 
equipartition of matter in an element, science had 
to wait till 1874, when it was pointed out by 
Johnstone Stoney, and 1881, when it was suggested 
by Helmholtz, appropriately enough at a Faraday 
Memorial Lecture to the London Chemical Society. 
But some of his writings show that Faraday himself 
had canvassed this idea. The now obvious relation, 
F = Ne, where e is the “‘ atomic charge,” or charge 
carried by the monovalent ion, enables a determina- 
tion of e to give N. It was by this method, using 
Millikan’s value of e obtained in this century, 
that the value of Avogadro’s Number, N, already 
referred to, was obtained. 

The views of Davy (1807) and of Berzelius (1812) 
may also be mentioned. To Davy’s dictum, “the 
forces of electricity and chemical affinity are one 
and the same,” time has been kind, though in a 
manner that might have surprised its originator in 
that still only half-fledged era of electrical science ; 
for the powerful forces of chemical affinity are but 
& puny residuum, resulting from colossal primary 
electric forces, these being almost exactly balanced 
in all directions only for the elements of Group O. 
But, to the more detailed views of Berzelius, time 
has not been so kind, though at first they exerted a 
great, and, in the main, clarifying influence on 
che: 

Unfortunately, Berzelius thought the atoms must 
contain different quantities of the two sorts of elec- 
tricity, as the cause of their exhibiting polarity, 
which is directly contrary to the fact that the 
elements are electrically neutral no less than their 
compounds. That they are polar we now ascribe 
to their unsymmetrical structure, save for the 
Group O elements, giving, from equal positive and 
negative charges, a residual local field of directed 
electrical forces, and this is the explanation of their 
exhibiting chemical affinity. Following Lavoisier, 
as to oxygen being the acid-former, Berzelius 
regarded it asthe most electro-negative element, so 
that he called elements the oxides of which are 
basic, electro-positive, and, if their oxides are acidic, 
electro-negative. His “dualistic system” regarded 
chemical compounds as consisting of the union of 
two oppositely-charged groups, or radicals, salts 
being dualistic compounds of the oxides of the metals 
and non-metals. Davy, Gay Lussac and Thenard, 
however, long before this, had established that 
Scheele’s chlorine is an element. Lavoisier’s acid 
theory made it an oxide of hydrochloric, or muriatic, 
acid, and it had been termed by him, oxy- 
muriatic acid, whereas common salt and hydro- 
chloric acid, for example, are both binary com- 
pounds of single atoms, neither containing oxygen. 
This led to the theory that hydrogen is the acid- 
former, and that acids contained hydrogen replace- 
able by metals to form salts, which was extended 





in due course to the polybasic acids, with several 
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such hydrogen atoms, in which the hydrogen is 
replaceable one atom at a time. 
Tue ARRHENIUS THEORY OF ELECTROLYTIC 
DissociaTION. 
As already mentioned, the most important 
theoretical consequence of the extension of the 
gas-laws to liquids and the method of determining 
molecular weights from osmotic pressure, was that 
it showed that in strong electrolytes, like the 
mineral acids and bases, and their salts, either fused 
or in solution, Faraday’s ions exist uncombined as 
separate molecules. This Arrhenius Theory of 
Electrolytic Dissociation, as it is called, dates from 
1888, and appeared at first, both to chemists and 
physicists, even the most eminent, utterly incredible. 
No one, however, doubts it to-day ; rather, the wheel 
has turned full circle and the separate ions are 
regarded as without chemical combining power, 
just as the Group O elements are, so that, even in 
the solid crystal, they exist as individuals, uncom- 
bined. In these cases the union—of the positive 
sodium ion and negative chlorine ion in common 
salt, for example—is purely electrical and due to 
the necessity of equal numbers of each to give electric 
neutrality. The real chemical affinity is of the 
chlorine atom for the atomic charge of negative 
electricity, now called the electron or negatron, 
which enables it to rob the sodium atom of one of its 
electrons, leaving it positively charged. The acidic 
character is conferred by the positive hydrogen ion, 
H+, that is, the hydrogen atom that has lost an 
electron—and, in another connection, has been 
mistakenly called the proton—the acidity being 
measured by the “hydrogen-ion concentration.” 
The basic character, similarly, is conferred by the 
negative hydroxyl ion, OH-. Water, being the 
almost completely undissociated compound of 
hydrion and hydroxyl ion, H+ and OH~-, when pure 
is almost a perfect non-conductor of electricity. 


THe ELEcrTRoMaGNETIO THEORY OF LIGHT. 

The second of Faraday’s discoveries, electro- 
magnetism, had a profound theoretical, as well as 
its better known practical, importance in enabling 
current electricity to be generated mechanically by 
the dynamo, and conversely, power to be generated 
by the electric motor ; because the theory of light, 
due to Young (1773-1829), that light was due to 
transverse undulations, became, in the hands of 
Clerk Maxwell, and others, the electromagnetic 
theory of light, which remained unchallenged to the 
end of the last century. 

When Malus (1775-1812) discovered that the 
polarisation of light—hitherto an isolated pheno- 
menon exhibited by an unusual kind of mineral 
having double-refracting crystals, such as Iceland 
spar—could be produced by reflection (1805), and 
it became known to be a perfectly general property 
of light vibrations, the earlier undulatory theory of 
Huyghens (1678) became insufficient. In this theory 
yet another “exquisitely elastic’ imponderable 
fluid, the luminiferous ether, was postulated as 
conveying the light by pulsating or undulating. 
Refraction was explained by the velocity of light 
being smaller in dense media. The experimental 
confirmation of the latter was later regarded as a 
crucial test between the undulatory and emission 
theories, deciding in favour of the former. At 
first, however, the vibrations were taken to be of 
the same nature of those of sound, alternately 
compressing and rarefying the molecules of air in 
the direction of transmission. To explain polarisa- 
tion, Young (1817) suggested tentatively that, for 
light, the vibrations occur in a plane at right angles 
to the direction of transmission, which allows 
polarisation to be regarded as the resolution of the 
vibrations in all directions in this plane into two 
directions at right angles both to each other and to 
the direction of transmission of the light. 

The special peculiarity about the phenomena of 
electromagnetism, discovered by Faraday, is that 
they are essentially three-dimensional, all three 
dimensions being reciprocally involved. A moving 
electric charge, or electric current, in any direction 
produces both electric and magnetic forces in 
directions both at right angles to one another and 
to the direction of motion. On the electromagnetic 
theory, light and other forms of radiation, extend 
outward from their source as a rapidly alternating 
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electromagnetic field of force on a spherical wave- 
front at right angles to the direction of transmission 
with a velocity of 3 x 10'° om. per second, in 
empty space. 

Just as for heat and electricity, before anything 
was known of their real nature, imponderable 
fluids, caloric and the electric fluid or fluids, had 
to be postulated in order to account for their move- 
ment from place to place, so it was for light and other 
radiation. The light-bearing ether had to be of an 
extreme degree of tenuity and elasticity, because of 
the extremely high velocity at which the undulations 
are propagated. For thermal (in contradistinction 
to radiant) heat, this ceased to be necessary when 
it was established as a mode of motion of the 
molecules of matter, whether free, as for monatomic 
molecules, constrained as for solids where the 
particles are anchored together rendering free trans- 
lation impossible, or a combination of the two types, 
as for ordinary gases and the interior of liquids. 
Electricity, however, remained throughout the 
Nineteenth Century a fluid, the atomic or eléctronic 
nature of the fluid being only dimly glimpsed even 
attheend. For the electrons, really free translation 
is only conceivable in a vacuum in the absence of 
matter, on account of the extremely powerful 
forces of attraction and repulsion between the atoms 
of electricity and those of matter, itself containing 
electrons. But all forms of radiation, stretching 
from wireless waves through radiant heat and light 
to X-rays and y-rays, are believed to be a special 
type of constrained motion, known as electro- 
magnetic, differing only in frequency, usually 
symbolised », or number of completed vibrations 
per second, or wavelength, A, the distance from 


1 
crest to crest of the waves. Thus, I is the number of 


complete vibrations per centimetre, and Ais . , where 


cis 3 x 10, the velocity of light in cm. per second. 
Here, the infinite distances to which the radiation 
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electron in constrained motion—appear impera- 
tively to demand the existence in empty space of 
something to vibrate. But to-day the luminiferous 
ether has been satirised as the substantive of the 
verb ‘to undulate,” and the old corpuscular theory 
of Newton has reappeared in a new form, that 
light is discrete in character and consists of photons. 
More generally, the sharp distinction between the 
two theories has been found not to apply in the 
atomics, where the particle is associated with a wave 
and vice versa. This is the main dilemma of physics 
to-day and it has been responsible for the re- 
appearance in science of metaphysical lines of inquiry 
which, at bottom, seem no different from those 
of the dominant school of Greek philosophy, that 
it is impossible to know the real nature of things 
and the only thing possible to know is our sense 
impressions of them. 

Such questions in science are decided by facts, and 
it would seem mere sophistry openly and consistently 
to maintain to-day that we have no real knowledge 
of external nature beyond our sense impressions of 
it. The difficulty seems less insuperable when we 
remember that the luminiferous ether, like phlogis- 
ton, or caloric, and the electric fluids, preceded the 
recognition of energy, whether as a non-creatable 
and indestructible, or as a mass-possessing, entity. 
Remembering how caloric and the electric fluid 
ceased to be any longer necessary, the answer to 
what vibrates in the transmission of radiation 
would seem to be, in all simplicity, electromagnetic 
energy. In other words, the recognition of energy, 
and especially of its possessing mass, seem to 
dispense with the necessity of postulating a universal 
ethereal medium, quite apart from metaphysics 
and the present difficulties of reconciling the dual 
aspect of radiation as wave and particle. 


Spectrum ANALYSIS. 


Possibly the most remarkable experimental 
discovery ever made, in the sense of the achievement 





can extend from the source—as, for example, an 


of the apparently for ever impossible, and as pro- 


of t 
new 
cati 











Nov. 14, 1947. 


ENGINEERING. 





461 














foundly affecting the future development of the 
physical sciences, belongs to the science of light as 
it developed in the Nineteenth Century. Now known 
as spectrum analysis, it was that the analysis of 
light into its component colours by the prism, that 
js according to the component frequencies or wave- 
lengths, is also the means of analysing the matter 
emitting the light into its component constituents. 
It makes little difference whether the glowing matter 
is on the laboratory bench or in a star so distant 
that the light being analysed to-day was emitted 
before the Christian era began and, travelling 
through space at 186,000 miles a second, has only 
now reached the earth. 

Woolaston (1766-1828) first noticed (1802) that 
the prismatic spectrum was quite different from that 
of ordinary sunlight, for the light of a candle or 
from the electric spark, but it was the work of the 
Bavarian optician Fraunhofer, a few years later, 
which really started the subject. Fraunhofer drew 
attention to, and mapped, the dark absorption lines 
known by his name, in the solar spectrum and in 
stellar spectra which often are quite different, and 
indicated clearly enough that different kinds of light 
were being emitted. There followed the realisation 
(Herschel, 1827) that the peculiar colours -given to 
the flame (flame-spectra) by many salts, particu- 
larly those of the alkali and alkaline-earth metals, 
formed a simple and sure method of detecting them 
in the minutest quantity, the yellow colour given by 
sodium, when salt is put into a flame, being an 
example known to all. In the first discovery of 
new elements by this method of rubidium and 
caesium by Bunsen and Kirchoff in 1860, in the 
waters of the Durkheim spring in the Palatinate 
(and also in the mineral petalite), 40 tons of the 
spring-water had to be evaporated, and some 3 cwt. 
of the mineral worked up, to obtain enough of the 
new elements for chemical investigation and identifi- 
cation. 

RapIAnt Marrer. 


By the end of the century, it had become general 
to attribute band-spectra, which are characterised 
by broad bands of light rather than by sharp lines, 
to the molecules, and line-spectra to the atoms, 
but the entirely different line-spectra produced by 
heat, as in the flame and the electric arc, and by 
the electric spark, with and without the use of a 
Leyden jar or other condenser, the latter being 
typical of the hottest stars, were still thought to be 
due possibly to veritable transmutations, or disso- 
ciations, of the chemical elements (Norman Lockyer). 
Now they are known to arise from different stages 
in the process of ionisation of the atoms, from which 
the light emission originates. 

By the end of last century, the time was ripe for 
a great advance in our knowledge of the nature of 
electricity. The Ruhmkorff induction coil, dating 
from the 1850’s, was one of the practical fruits of 
electromagnetism, no less important in scientific 
research than the dynamo and motor in technology. 
It generated high-tension electricity far more easily 
and abundantly than the electrostatic types of 
machine. The growth of spectroscopy led to its 
wide use, both in obtaining the ordinary and the 
spark spectra of the elements—for gases by the 
device known as the Geissler tube, for illuminating 
the gases at low pressure by the electric current. 
This, in turn, led to great advances in the produc- 
tion of high vacua by the Geissler, Sprengel and other 
forms of mercury pump which give a nearly perfect 
vacuum. 

Experimenting with these, Sir William Crookes 
invented first the radiometer, Fig. 12, opposite, in 
which a system of vanes, bright on one side and 
black on the other, rapidly rotates when in the light. 
This was at first thought to be worked by the pres- 
sure exerted by light, but is completely prevented 
by a still higher degree of vacuum and is now known 
to be due to heating effects by the vanes on the 
residual gas. The real minute pressure of light was 
not discovered till the first decade of the present 
century by Lebedew, a Russian investigator. In 
experimenting with the electric discharge in these 
high degrees of vacuum, however, Sir William 
Crookes discovered that its character is quite differ- 
ent from that of the ordinary vacuum tube, the 
discharge consisting of a stream of what he termed 
“radiant matter” from the cathode or negative 


electrode, otherwise known as the cathode-rays. 
These have astonishing properties, are extremely 
easily deviated from their rectilinear path by a 
magnet, and produce in the glass and in various 
earth oxides brilliant fluorescence and phosphores- 
cence. They travel normally to the surface of the 
cathode and are brought to a focus by a concave 
cathode, in which focus a platinum target, or 
“anti-cathode,” may be heated to incandescence 
and readily fused. 

Figs. 13 and 14 show the fundamental difference 
that occurs in the electric discharge in gases as the 
gas is almost completely removed. In both illus- 
trations, N is the negative electrode and P P’ the 
two positive electrodes. Fig. 13 shows that, 
at ordinary degrees of vacuum, the discharge occurs 
as two ribbons of light from the negative to the 
positive poles, but, when practically all the gas 
has been removed, the discharge takes the form of 
cathode rays streaming at right angles to the surface 
of the negative electrode, irrespective of the position 
of the positive electrode, as shown in Fig. 14. Fig. 
15, which illustrates the Maltese-Cross tube of Sir 
William Crookes, shows the enlarged shadow of the 
cross cast on the fluorescent end of the tube by 
cathode rays from a. The cross is mounted on a 
hinge, and if turned down out of the stream of 
cathode rays, the form of the cross shows more 
brightly on the glass which, having been previously 
in the shadow, is now more sensitive than the 
sufrounding glass. Fig. 16 shows the deflection 
of the cathode rays (made visible by a willemite 
screen) by a bar magnet held at right angles to 
the plane of the paper. The deflection shown in 
the lower illustration is produced equally by a 
8 pole behind the tube or a N pole in front, proving 
that the rays carry a negative charge. 

Similar studies were carried on by many other 
observers, notably by Lenard in Germany, who 
showed that the cathode rays could penetrate a 
very thin window in the vacuum tube, and was the 
first to study them outside the tube and examine 
their power of penetrating materials, and other 
properties. So that in the closing years of last 
century three great advances took place, which it 
is more convenient to include in those of the present 
century, the story of which is told in the subsequent 
pues. 
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Scale Models in Hydraulic Engineering. PROFESSOR 
JaCK ALLEN, D.Sc., M.I.C.E. Longmans, Green and 
Company, Limited, 43, Albert-drive, Wandsworth, 
London, 8S.W.19. [Price 30s. net.] 

WHEN Galileo first saw the satellites of Jupiter in 

his telescope, he was swift to realise that here was 

a model of the solar system such as Aristarchos 

and Copernicus had conceived. Similarly, Newton, 

when extending his dynamical laws to the motion 
of fluids, immediately grasped that there could be 

a correspondence between two different systems 

and discovered what is now called the Froude 

relation for such systems in a constant field of 
acceleration ; that is, that the velocities vary as 
the square root of the dimensions. Osborne Rey- 
nolds seems to have been the first to develop rules 
for models of rivers and estuaries and to show that, 
to appropriate scales of size and time, they may 
conform remarkably well in behaviour to the 
objects they represent. His teachings at Manchester 
were carried on by Professor A. H. Gibson, with 
whom the author collaborated for many years. 
The model of the Severn estuary which was made 
at Manchester for the great tidal hydro-electric 
scheme formed the working basis for that project 
and, under Gibson, Professor Allen had a big share 
in it. (A new model is now being made, under the 
direction of Sir Claude Inglis, to serve a modified 
design for the main dam, but it is not anticipated 
that the main results derived from the first model 
will be radically changed.) Similar models for the 

Mersey, Leith, the Dee, the Tay, the Parrett, 

Rangoon, Bombay, the Shatt Al-Arab, and many 

other places have been made with great practical 

benefit and in a large number of these Dr. Allen 
has had a part, often a major one. In these circum- 
stances, a book by him on the subject is most wel- 








come. Those who heard his recent lecture to the 


Institution of Civil Engineers will be aware of his 
ability to present the case for hydraulic models 
and of his knowledge of their possibilities and 
difficulties. Apart from John R. Freeman’s Hydrau- 
lic Practice, published by the American 
Society of Mechanical Engineers in 1929, which is 
a symposium and not a treatise, there has not been 
any book in English devoted to this subject. 

The work shows a nice balance between academic 
and practical considerations. It develops dimen- 
sional theory in considerable detail and explains 
laboratory technique, together with the methods 
used to give maximum correspondence between 
model and prototype. Rigid and loose beds are 
both considered, but the latter receives more 
attention, which is very proper since they involve 
more complex and difficult problems. Because of 
the relative coarseness of the grains of the bed 
material in a small channel and the relatively large 
thickness of the viscid boundary layer in such a 
channel, the friction coefficients in small channels 
are higher than those in large ones. This difference 
makes it possible to preserve a fairly constant 
ratio of friction to gravity-drive in models with 
enhanced slopes. Such an exaggeration of slope, 
or “distortion,” may be as great as one hundred 
times in some models. Unfortunately, the local 
conditions in natural channels are so varied that 
the degree of exaggeration of slope permissible is 
not constant and, in any one model, compromises 
must be made. Weirs and other rigid objects 
should be to natural proportions, but in the loose 
beds of rivers and estuaries a marked exaggeration 
is possible while using a bed material in the model 
which is much the same as that in the prototype. 
It appears clear that this exaggeration may increase 
with the horizontal scale. Strong arguments may 
be adduced for an exaggeration equal to the cube 
root of the horizontal scale ratio (for example, if 
the horizontal scale is 1 in 1,000, the “‘ distortion ” 
should be ten, making the vertical scale 1 in 100; 
or again, if the horizontal scale is 1 in 8,000, the 
exaggeration might be 20). The author seems to 
prefer to compute distortion by resistances from 
Bazin’s rule, which he considers verified for rect- 
angular channels, and he shows how this was 
done for the Severn model by Professor Gibson. 

A very interesting piece of work on the mobility 
of sand beds in running water is detailed to show 
how it may be reasonably well assured that scour 
will actually occur in a model in spite of the reduced 
velocity. Of course, it still remains to show that 
the accumulated scour will follow the proper time 
cycle, which Osborne Reynolds was satisfied could 
be the case in proper conditions. For this calcula- 
tion of scour, the author used an exponential formula 
so complex as to inspire a little doubt whether it is 
safe to rely on exponentials to such an extent ; 
but his use of Bazin’s rule for resistance (which is 
not exponential) shows that he has an open mind on 
this subject. 

His descriptions of various models are most 
interesting and well condensed. The mechanisms 
for developing tides and the devices for setting out 
and measuring models will be of general interest. 
The Vicksburg system of generating tides from 
reservoirs in which the levels are controlled by 
electrically-operated weirs is described. It is to be 
presumed that the currents over the control weirs 
are severely restrained so that they shall not affect 
the flow in the model. Bagnolds’ valuable work 
on wave action is given adequate attention and there 
is a good account of the author’s own work on the 
stability of rubble banks, with and without wire 
cages. Models of sluices, weirs and dams, are also 
dealt with, and there is a description of Gibson’s 
work on obstructions in tidal channels in which, 
owing to resonance, paradoxical changes in tidal 
ranges appear when obstructions are removed from 
or added to tidal inlets. Ample reference is made 
to the work done in Continental and American 
laboratories, but something might have been said 
about the National Physical Laboratory and the 
new Hydraulic Research Organisation. The account 
of the model work in India is not quite sufficient to 
indicate the magnitude of the operations. The 
book is well printed and illustrated with line 
drawings and photographs, and should prove most. 
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SOME NEW TYPES OF SLIP 
GAUGES. 


By 0. G. Greznnam, M.Sc. 
(Concluded from page 436.) 


In a search for still further types of slip gauges, | 


it was decided to make tapered gauges. These 
would have the advantage that the size of a com- 
bination of two gauges could be adjusted within 
fine limits by sliding one gauge relatively to the 
other. It was realised that tapered gauges would 
be particularly useful in thin sizes. The idea of 
using wedge-shaped gauges in pairs was not new, 
but the idea of making lapped tapered gauges in 
uniform pairs to a predetermined taper was new. 
No methods for doing this have been published 
previously. The preparation of a suitable chuck 
for making tapered slip gauges was begun in 
February, 1943, but pressure of other work pre- 
vented its completion until the beginning of 1945. 
Meanwhile, tapered slip gauges had appeared in 
America.* 

Several methods for making taper gauges in 
batches have been worked out. Only one has been 
tried, but all are theoretically sound. The first 
method worked out, but not yet tried, utilises a 
normal auto-lapping chuck, to the facets of which 
eight similar taper gauges of the desired taper are 

. These master taper blocks are so wrung 
to the facets of the chuck that all tapers point to 
the centre of the chuck or away from it. The taper 
gauges to be made are then wrung on top of these 
master blocks, and are lapped and interchanged 
according to the usual technique, except that a 
cross-shaped template is required to keep the 
spacing of all the taper blocks uniform. A modifica- 
tion of the mathematical proof to demonstrate the 





* “Vernier Gage Blocks.” 
page 179 (1944). 
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Fic. 10. Jia wirn Sti Gauce Wrune TO PLUNGER. 


uniformity of normal slip gauges made by the 
auto-lapping chuck shows that uniform taper 
gauges are produced by this method. 

The following method was worked out for making 
the necessary eight uniform master taper blocks. 


A chuck with 16 facets, as shown in Fig. 5, is 


required, also a cross-shaped template with parallel 
sides for keeping the spacing of the blocks uniform. 
Blanks for the master taper blocks, already roughly 
ground to taper and lapped on the lower face, are 
wrung on to the chuck, all tapers pointing the same 
way. These blocks are then lapped on their exposed 
face, the taper being corrected by lapping away the 
ends of the blocks that are too thick. The correction 
of taper is a matter of trial and error. The ends that 
are too thick are reduced in size by applying pressure 
to the appropriate end of the chuck, also by using a 
lapping plate only a portion of which is changed. 
An interchange is essential to make and keep the 
blocks uniform. Referring to Fig. 5, blocks 3 and 5 
are interchanged, 2 and 8, 11 and 13, 10 and 16. 


The blocks are not swung round or reversed during 
the interchange; the outside end of a block is 
|kept to the outside. This method produces two 
batches of eight blocks, all the gauges in a batch 
being the same in size and taper. 

The method used at the National Standards 
Laboratory for the preparation of four pairs of taper 
blocks, as shown in Fig. 6, herewith, is based on that 
just described. An ordinary auto-lapping chuck 
with eight facets was used, also a cross-shaped 
template for spacing the blocks. The facets at one 
end of the chuck were reduced in size so that they 
were of the same area* as the smaller taper blocks. 
With reference to Fig. 7, blocks 1 and 3 are inter- 
changed, also 5 and 7. During the interchange, the 
outside ends of the blocks remain the outside ends, 
and the blocks are not reversed. 





* A fundamental relating to the use of the auto- 
lapping chuck is that the facets should be the same in 
area, or nearly the same, as the blocks subsequently to 
be lapped. 
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The blocks were corrected for taper, as stated 
above. By means of this technique, four pairs of 
taper blocks were prepared, the surfaces of each being 
flat to two millionths of an inch. Parallelism of the 
appropriate pairs of blocks was within five millionths 
ofaninch. The taper was approximately 1 in 108. 
The gauges shown in Fig. 6, were made for an 
extensometer calibrator in which a range of 0-005 in. 
was required. In this calibrator, the position of the 
small taper gauge, relatively to the large taper 
gauge, is determined by a 0-4 in. micrometer head, 

uated to 0-0001 in. It is reported that, over the 
full range of 0-005 in., the gauges can be set to any 
value correct to within + two millionths of an inch, 
repeat readings at the same setting of the micro- 
meter agreeing to within + one millionth of an 
inch. 

After the appearance of the half-size slip gauge, an 
officer of the Munitions Supplies Laboratories, 
Maribyrnong, Victoria, suggested a slip gauge with 
a step on it, so that the one gauge could be used as 
a “Go” gauge and a “ Not go ” gauge. For some 
time, it seemed impossible to make a stepped slip 
gauge such that both portions of the stepped side 
were lel to the base to within a few millionths of 
an inch, but, ultimately, a very simple method was 
devised for making them. 

An ordinary slip gauge is finished to the smaller 
size required for the completed gauge. The whole 
of the slip gauge, other than the part required for the 
larger step, is then covered with a suitable masking 
compound, such as hard beeswax, and the step is 
built up on the exposed portion to about 0-00005 in. 
oversize, by means of hard chrome plating. The 
excess chrome is lapped off by means of the jig to be 
described, the unstepped side of the slip gauge being 
wrung to the base of the jig. For best results, the 
centre of the step should be on the axis of the 
plunger. Although steps have been built up on 
hardened steel gauges, it is preferable that they 
should be built up on a gauge already chromed. 

It is possible to build up a number of steps on the 
one base. The minimum step that can be made as 
described is about 0-00002 in. Smaller steps are 
difficult, because abrasive from the lapping plate 
collects under the smaller step and scratches its 
surface. The size of a step up to about 0-00010 in. 
can be measured with the gauge in position on the 
plunger of the jig, by the simple optical methods 
described by Mr. F. H. Rolt.* No doubt, steps of 
less than 0-00002 in. could be made by sputtering 
or by the vacuum deposition of metal, with no 
subsequent lapping. There is no reason why 
substances other than chromium should not be 
used for the step, but chromium was selected for its 
hardness and its resistance to wear and corrosion. 

The stepped gauge, a specimen of which is illus- 
trated in Fig. 8, opposite, has been successfully 
used by itself, or in combination with other slip 
gauges, as a “Go—Not go” gauge. Additional 
uses have been found by other members of the 
Metrology Division ; for instance, Mr. M. F. Lam- 
rock used a stepped gauge in calibrating equipment 
for measuring surface finish, and Mr. P. M. Gilet 
used gauges with multiple steps, in conjunction 
with a straightedge, as standard light gaps. It has 
been suggested that stepped gauges could be 
employed for calibrating the magnetic equipment 
used for measuring the thickness of electroplating 
on steel or iron. 

In the course of the work described above, the 
need was felt for a method by which slip gauges 
could be made singly. The auto-lapping chuck 
method devised by the National Physical Laboratory 
was satisfactory, but had the disadvantage that it 
required the simultaneous lapping of eight gauges. 
A method had been described alreadyt for making 
parallel-faced gauges singly, but it entailed the 
previous preparation of three equal spacing blocks, 
very close in size to the nominal size of the gauge 
to be lapped. 

After some consideration of the problem, it was 
realised that it should be possible to make a parallel- 


* Gauges and Fine Measurements. By F. H. Rolt. 
Two vols. 1929. Macmillan and Company, Limited, 





St. Martin’s-street, London, W.C.2. 
+ “ Precision Lapping,” by W. E. H. Machinery, 
vol. 26, page 41 (1925). 





faced gauge by means of a jig in which a plunger, 
to the end of which the gauge was wrung, moved 
parallel to the axis of the rest of the jig; the 
plunger would have to be as straight as possible, 
and the jig should be designed to permit of the 
maximum accuracy in its construction. Problems 
in making such a jig were discussed with Mr. L. T. 
Mills, leading hand in the grinding room of the 
National Standards Laboratory, Sydney, and the 
final drawing followed very closely a design prepared 
by him. He was also responsible for grinding and 
lapping the jig, upon the accuracy of which its 
performance depends. 

The essential features of the jig are shown in Figs. 
9 and 10, opposite. It consists of two portions, 
namely, a Meehanite casting and a hardened steel 
plunger, both stabilised. The casting is stiffened 
by four webs. The base of the casting, which is 
ground square to the axis, is given a heavy coating 
of hard chromium, to minimise wear when the jig 
is moved over a lapping plate. As shown in Fig. 10, 
the casting is slotted at the top; a case-hardened 
pin at the top of the plunger slides in this groove, 
thus preventing the plunger from rotating in the 
casting. 

The cylindrical plunger is slightly reduced in 
diameter for a length of 14 in. at its upper end, for 
ease in grinding and lapping. It slides against two 
lapped cylindrical lands, as shown in Fig. 9. The 
plunger is made of case-hardened steel, and origin- 
ally was hollow, weighing 14 lb. Experience 
subsequently showed that there was hardly any 
need to make it hollow, as it has been frequently 
loaded to apply a force of 2} lb. weight to the face 
of a gauge being lapped. In the existing jig, the 
plunger will slide vertically under its own weight, 
when lubricated with a very thin oil. No other 
criterion was used when fitting it to the casting. 

The base of the plunger is dressed before a gauge 
is wrung to it. The same type of stroke should 
preferably be used when dressing the base of the 
plunger and when lapping a gauge wrung to the 
base. Often it is preferable to wring a gauge blank 
on to the end of the plunger, to be used as the base 
for wringing. The blank can be removed to facili- 
tate wringing a gauge on to it, and is then re-wrung 
in its former position. A removable base is particu- 
larly useful when wringing very thin gauges. It is 
to be noted that this jig does not require that the 
base to which the wringing is done should be almost 
the same in shape and area as the object or objects 
subsequently to be lapped by means of the jig. The 
jig differs in this respect from the auto-lapping 
chuck, in which the facets must be nearly the same 
in size and shape as the gauges to be lapped on it. 
An interesting, but so far unexplained, feature of 
the jig is that, with the same abrasive, gauges lapped 
on it have a better finish than gauges lapped on an 
auto-lapping chuck. 

In use, the jig is held near its base. The flatness 
of a gauge made by it depends mainly on the 
curvature of the lapping plate used and the fit of 
the plunger in the casting ; a lapping plate should 
be convex by about 4 x 10-*in. over a 6-in. dia- 
meter. The parallelism of a gauge lapped on the 
jig depends on the straightness of the plunger. No 
measurements of straightness or fit have been 
made on the existing jig, which has been entirely 
satisfactory in use; over 200 gauges have been 
finished or touched up on it. Provided that the 
gauges were large enough to permit any errors in 
parallelism to be corrected, all gauges lapped on the 
jig have been parallel to 10 millionths of an inch, 
and many of them to less. 

At first it was thought that, due to inaccuracies 
in the plunger, it would be necessary to find the 
optimum orientation for a gauge wrung to the base, 
in order to obtain best parallelism, but this has been 
unnecessary. In one position on the base, a 1-in. 
gauge was finished parallel to 4 millionths of an inch ; 
in the position at right angles to the first, it was 
finished parallel to 2 millionths. Four slip gauges, 
wrung to a parallel block, 2 in. long by 1% in. wide, 
which was wrung to the base of the plunger, have 
been lapped simultaneously on the jig ; all finished 
flat and parallel to 10 millionths of an inch. By 
means of a larger block it should be possible to 





lap more gauges simultaneously. An undersize 


2-in. gauge was lapped on its large sides by means of 
the jig, being finished parallel to 10 millionths of an 
inch over an area 2 in. by 1% in. 

The jig as designed is capable of taking gauges up 
to lin.in length. Extension pieces, in the form of 
hollow cylinders, have been made, enabling gauges 
up to 4 in. long to be lapped. The ends of these 
cylinders were spot-ground, and one end was lapped 
slightly. The lapped end of a cylinder was then 
wrung on to the base of the casting. By means 
of these extension pieces, a 2-in. gauge was lapped 
parallel to 4 millionths of an inch, a 3-in. gauge 
parallel to 6 millionths, and a 4-in. gauge parallel 
to 7 millionths. 

To facilitate bringing a gauge to size, it is possible 
to measure its size without unwringing it from the 
plunger. A gauge 3 to 5 x 10-* in. smaller than 
the nominal size of the gauge to be lapped is wrung 
on to the base of the plunger, alongside the gauge 
to be lapped. The size of the gauge being lapped is 
readily determined by measurements against the 
known gauge, the difference between the two being 
ascertained by simple optical tests, described by 
Mr. F. H. Rolt in vol. 1 of his book, previously 
cited. On gauges up to at least 0-2 in., these 
measurements have been made accurate to a few 
millionths of an inch, without waiting for any 
cooling period after removing the jig from the 
lapping plate. 

The jig has been useful for reconditioning taper 
gauges in pairs, that is, with two gauges wrung 
together so that the outside faces were parallel. 
One pair of taper gauges was reconditioned in this 
manner, parallel to 5 millionths of an inch. The 
jig should be capable of making one or more taper 
gauges in the one operation. By means of a minia- 
ture sine-bar attachment or a micrometer tilting 
device, a base for wringing could be obtained at 
any predetermined angle to the base of the plunger. 





LAUNCHES AND TRIAL TRIPS. 


8.S. “ Diyon.’”’—Single-screw cargo vessel, built by 
Messrs. John Readhead and Sons, Limited, West Docks, 
South Shields, to the order of the French Government. 
Deadweight capacity, about 7,500 tons on a draught of 
23 ft. One set of geared turbines developing about 
3,000 shaft horse-power, supplied by the Parsons Marine 
Steam Turbine Company, Limited, Turbinia Works, 
Wallisend-on-Tyne. Trial trip, October 14. 


S.S. “ Urvueuay SrTar.”—Single-screw passenger, 
refrigerated and general cargo vessel, built, engined and 
boilered by Messrs. Cammell Laird and Company, 
Limited, Birkenhead, for the Blue Star Line, Limited, 
London. Main dimensions: 501 ft. overall by 68 ft. 
by 39 ft. 6 in. to upper deck ; insulated cargo capacity, 
about 460,000 cub. ft.; maximum draught, 30 ft. 84 in. 
One set of Parsons double-reduction geared turbines 
with two Babcock and Wilcox oil-fired main boilers. 
Launch, October 15. 


R.M.S. “ EDINBURGH CASTLE.”—Twin-screw passenger 
and general cargo vessel, built and engined by Messrs. 
Harland and Wolff, Limited, Belfast, for the Union- 
Castle Mail Steamship Company, Limited, London. 
Sister ship to the Pretoria Castle, launched on August 19 ; 
with an overall length of 750 ft., a gross tonnage of 
28,500, and accommodation for about 750 first- and cabin- 
class passengers. Two sets of Parsons geared turbines 
with three Babcock and Wilcox water-tube boilers. 
Launch, October 16. 


MOoTORSHIP.—Diesel-engined vessel, built by Messrs. 
A. and J. Inglis, Limited, Glasgow, for the Irrawaddy 
Flotilla Company, Limited, Glasgow. Gross tonnage, 
100. Launch, October 16. 

M.S. “ RosEwoop.”’—Single-screw tanker, built by 
Messrs. Sir James Laing and Sons, Limited, Deptford 
Yard, Sunderland, for Messrs. John I. Jacobs and Com- 
pany, Limited, London. Main dimensions: 475 ft. by 
68 ft. by 36 ft. 9 in.; deadweight capacity, 14,790 
tons on a draught of 28 ft. lj in. Doxford four-cylinder 
Diesel engine, built and installed by the North Eastern 
Marine Engineering Company (1938), Limited, Wallsend- 
on-Tyne, to give a service speed of 124 knots. Trial 
trip, October 24. 

8.S. ‘‘ GROOTVLEI.”—Single-screw trawler, built by 
Messrs. Cochrane and Sons, Limited, Ouse Shipbuilding 
Yard, Selby, Yorkshire, to the order of the National 
Trawling and Fishing Company, Limited, Cape Town. 
Main dimensions: 160 ft. by 28 ft. by 15 ft.6in. Triple- 
expansion engine supplied and installed by Messrs. Amos 
and Smith, Limited, Albert Dock Works, Hull. Launch, 





October 31. 
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CUNARD WHITE STAR LINER 
‘* MEDIA.”’ 


THE twin-screw passenger and cargo liner Media, the 
appearance of which is well shown in Fig. 1, above, has 
been built by Messrs. John Brown and Company, 
Limited, Clydebank, for the London-New York service 
of the Cunard White Star Line, and she was the largest 
ship to be launched on the Clyde in 1946. The keel was 
laid on November 12, 1945 ; the vessel was launched on 
December 12, 1946; her trials took place on August 9, 
1947 ; and on August 20 she sailed on her maiden voyage 
from Liverpool to New York, which is her scheduled 
run for the present. With a gross tonnage of 13,700, 
the Media was designed for the carriage of general and 
refrigerated cargo, and has accommodation for 250 
passengers in one class. The overall length of the 
Media is 534 ft.; the length between perpendiculars 
500 ft. ; the extreme breadth 70 ft. ; and the load draught 
30 ft. 2} in. The twin-screw turbine machinery and 
boilers, also constructed by Messrs. John Brown and 
Company, were designed to develop a maximum shaft 
horse-power of 15,000, the normal shaft horse-power 
being about 13,700, giving a service speed of 
17 knots. The total cargo capacity of the vessel is 
431,480 cub. ft., of which 60,050 cub. ft. is insulated ; 
her net tonnage is 7,482, and she carries a crew 
of 184. 

As will be seen in Fig. 1, the Media is distinguished 
by a raked stem and cruiser stern, a single funnel and 
mast, a curved front to the superstructure, and five sets 
of Samson posts to serve the six cargo hatches. The 
passengers are accommoda in two-berth cabins, 
most of which are outside rooms, on “A” and “B” 
decks, while all the public rooms, with the exception 
of the dining room which is on “ B” deck, and is shown 
in Fig. 3, on page 468, are situated on the promenade 
deck. This deck is over 200 ft. in length, and provides 
a continuous promenade with large windows on each 
side. The smoking room, at the forward end, has win- 
dows on three sides, and those looking forward follow 
the curve of the bridge front. Next to the smoking- 
room is the entrance hall, leading to a long gallery on the 
port side which extends fore and aft for a distance of 
over 60 ft. Midway along this gallery an entrance leads 
to the drawing-room, library and writing-room, while 
farther aft, another entrance gives access to the lounge. 
This room, which is two decks in height and is equipped 
with a stage and screen for concerts and the showing of 
motion pictures, has large windows on three sides ; 
those in the after end look directly on to the sports 
deck, which, having a length of over 50 ft., extends the 
full width of the ship. Additional deck space for pas- 
sengers’ use is available on the boat deck, the lifeboats 
being carried well above head height, and further space 
for games and sports is provided on the bridge or sun 
deck, which extends from the bridge to the end of the 
superstructure. All the public rooms, including the 
dining saloon, which is the full width of the ship, are 
air-conditioned to eliminate excessive humidity in 
summer and to ensure warmth without dryness in the 
winter. All the cabins are fitted with two full-size 





Fia. 1. 


beds, some having an additional Pullman berth so that 
they can be used as three-berth rooms ; each cabin has 
@ private bathroom or shower, an electric heater and a 
variable-speed fan. The entire accommodation for 
the captain, navigating officers and engineers is ar- 
ranged on the boat deck. It comprises separate mess- 
rooms and wardrooms for the officers and engineers, 
the latter being berthed amidships on each side of the 
funnel and engine-room casings. 

The twin-screw propelling machinery and boilers of 
the Media, arranged as shown in the plan, Fig. 2, 
opposite, were constructed and installed by Messrs. 
John Brown and Company, Limited, the main turbines 
having been designed in collaboration with Messrs. 
Parsons Marine Steam Turbine Company, Limited, 
Wallsend-on-Tyne, to incorporate the latest features 
in high-pressure high-speed turbine practice. Each 
set consists of an impulse-reaction high-pressure turbine 
and an all-reaction single-flow low-pressure turbine, 
working in series, the drive from each of these turbines 
to the main gear wheel being through separate double- 
helical double-reduction gearing of conventional type. 
A view of the after end of the engine room looking to 
starboard is given in Fig. 4, on page 468. With an 
initial steam pressure of 415 lb. per square inch gauge, a 
steam temperature of 740 deg. F., and a vacuum of 
28-5 in. Hg at the top of the condenser, the turbines 
were designed to develop 13,700 shaft horse-power in 
normal service, with a maximum of approximately 
15,000 shaft horse-power. Power for going astern is 
provided by a three-row wheel incorporated in the after 
end of each low-pressure turbine casing. The impulse 
blades of the high-pressure ahead turbines and of the 
astern turbines are fitted individually into the rotor and 
casing grooves and are made from Firth’s F.G. stainless 
steel. The reaction blades in the high-pressure and low- 
pressure ahead turbines are made from a low-carbon 
stainless iron and are assembled in sectors which are 
held at tne roots by a foundation wire and brazing, 
and secured by side locking strips. The nozzle plates 
for the astern turbines are made of phosphor bronze, 
with cast-in vanes of Staybrite F.D.P. steel. The 
casings for the high-pressure turbines are made of 
cast steel and the low-pressure casings are of fabri- 
cated steel construction. The after ends of the high- 
pressure and low-pressure turbines are supported by, 
and rigidly bolted to, brackets on the gear cases, while 
the forward ends of the turbines are supported by the 
engine seatings, on which they are allowed to slide. 
The gear cases are fabricated from mild steel and the 
majn engine turning gears are secured to the after end 
of the cases. Aspinall’s duplicate emergency cut-out 
governors are fitted to the turbines for shutting off the 
steam supply in the event of a pre-determined speed 
being exceeded ; as well as if an undue drop in the 
lubricating-oil pressure should occur. To minimise 
water loss and engine-room humidity, all the turbine 
glands are connected to an evacuation system; the 
gland evacuation condenser is shown at a in Fig. 2. 
Each gland has two pockets, the inner pocket adjacent 
to the turbine being the packing pocket, while the outer 
pocket is connected to the condenser, in which a 





vacuum of | in. to 2 in. of water is maintained. This 
induces a slight flow of steam from the packing pocket 
and a flow of air from the engine room, and prevents 
any “ blow ” of steam from the glands. For purposes 
of inspection and overhaul of the main machinery, a 
complete equipment of overhead rails and blocks is 
provided, for lifting and traversing the turbine and 
gear casings clear of their working positions. 

The main condensers, slung below each low-pressure 
turbine, were also constructed by Messrs. John Brown 
and Company, and are of the two-flow regenerative 
type, designed to maintain a vacuum of 28-5 in. Hg 
with a sea temperature at 70 deg. F. Each condenser 
has a cooling surface of 6,500 sq. ft., provided by 2,810 
tubes of } in. outside diameter; the main circulating 
pumps are electrically driven. The closed-feed system 
of Messrs. G. and J. Weir, Limited, has been fitted and 
each condenser is provided with a large reservoir and 
an automatic closed-feed controller, which admits 
additional feed into the condenser or discharges it 
from the condenser to the feed tanks, according to 

ower requirements. The condensate is withdrawn 
rom the condensers by the motor-driven extraction 
pumps, b, b, Fig. 2, and steam-jet air ejectors, c, c, are 
provided for each condenser, the working pressure being 
230 lb. per square inch gauge and the steam temperature 
740 deg. F. The ejector coolers are circulated with 
condensate discharged from the extraction pumps. On 
leaving the ejector coolers the condensate flows through 
the gland evacuation condenser, a, then through the 
drain cooler, d, where the feed temperature is raised 
from 108-6 deg. F. to 121 deg. F., the heating medium 
being the feed heater and steam generator drains. 
From the drain cooler the condensate passes to the main 
turbo feed pumps, e, e, and is discharged to the boilers 
through the primary and secondary feed heaters, f and 
g- In the primary heater, where all the turbo feed 
pump exhaust and the evaporator vapour and coil 
drains is condensed, the feed temperature is raised 
from 121 deg. F. to 184 deg. F., while the secondary 
heater, which is supplied with steam bled from the 
turbine and the steam generator coil drain, raises the 
feed ‘temperature from 184 deg. F. to 210 deg. F. 
When at sea and under full power, the requirements 
normally met by the auxiliary boilers are covered by 
the steam generator, which, by a regenerative heating 
— supplies approximacely 5,000 lb. of steam per 
our at a pressure of 100 Ib. per sq. in. gauge. The 
feed for the generator is supplied by the auxiliary con- 
denser and the heating steam is bled from a high- 
pressure turbine. A steam supply to the generator 
directly from the main boilers is also available if it is 
necessary to supplement the quantity of bled steam, in 
the event of sudden high evaporation demands or when 
the ship is steaming at low speed. 

A photograph of the main boiler room is reproduced 
in Fig. 5, on page 468, and the general arrangement of 
the installation is shown in Fig. 2, opposite. There are 
two Yarrow-type five-drum side-fired boilers, with 
superheaters and Foster Wheeler gilled-tube contra- 
flow economisers; steam is supplied at a pressure 
of 430 lb. per square inch at the superheater outlet, the 
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steam temperature being 750 deg. F. Each boiler is 
equipped with a forced-draught and an induced-draught 
fan, supplied by Messrs. James Howden and Company, 
Limited, Glasgow. The boilers are oil fired by a 
Wallsend-Howden installation, comprising two elec- 
trically-driven pumps and a steam-heating unit, from 
which the oil fuel is fed under pressure to the four 
burners in each boiler. When the ship is in port and 
the steam generator is not in use, steam for heating and 
domestic requirements is obtained from two Cochran 
auxiliary boilers, arranged forward of the main 
boilers, as shown in Fig. 2. They supply satur- 
ated steam at 100 lb. per square inch pressure for 
the evaporator distiller and circulating pump, the 
watertight door pump and their own feed ps, y in 
Fig. 2. A Clarkson waste-heat boiler, heated by the 
exhaust gases from the four Diesel generators and 
supplying steam to the fresh-water evaporator, i, is 
installed at the forward end of the engine room. The 
evaporating and distilling plant, supplied by Messrs. 
Caird and Rayner, Limited, London, consists of a salt- 
water evaporator, h, and a fresh-water evaporator, i, 
having capacities of 50 and 40 tons per 24 hours, respec- 
tively. Oil for the forced-lubrication system of the main 
turbines is provided by three pumps, j, j, 7, two of which 
are working pumps and the third is a standby. The 
lubrication system is common to both turbines, the oil 
being drawn from the drain tank and discha 
through the filters, k, k, and the coolers, J, 1, to the 
bearings and sprayers; the supply to each bearing 
can be regulated. Three De Laval oil purifiers, m, m, m, 
are installed, two being for cleaning the lubricating 
oil for the turbines and Diesel generators, and one 
for the Diesel fuel oil. The engine room also contains 
a general service pump, v, a bilge pump, 0, a ballast 
pump, 7, a sanitary ump, g, two fresh-water pumps, 
r, r, and motor- and steam-driven air compressors, ¢ 
and wu. while the emergency bilge pump, v, and the 
boiler and Diesel oil fuel transfer pumps, w and 2, are 
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located in the boiler room. A view of the engine- 
room control platform is given in Fig. 6, on page 468. 
The main electrical generating plant consists of four 
Ruston and Hornsby seven-cylinder four-stroke marine 
Diesel engines of 630 brake horse-power, —— to 
375-kW 220-volt generators supplied by the eral 
Electric Company, Limited, London. These plants, as 
shown in the plan, Fig. 2, and the main switchboard, 
are situated in the main engine room, and distribu- 
tion throughout the ship is effected by auxiliary 
switchboards in the ‘tween decks. The engines are 
cooled by fresh water in a closed circuit, and salt 
water is circulated through the two heat exchangers 
by the motor-driven vertical circulating pumps, 8, 8. 
The machinery spaces are ventilated by six Axia 
fans. Four of these fans are 40 in. in diameter and 
handle 18,000 cub. ft. of air per minute, while two 
are 30 in. in diameter and handle 10,000 cub. ft. per 
minute. The refrigerating machinery is in a separate 
engine room, immediately forward of the boiler room, 
and consists of five electrically-driven Freon 12 com- 
pressors, with condensers and sea-water circulating 
pumps, manufactured by Messrs. L. Sterne and Com- 
pany, Limited, Glasgow. Three of the compressors 
are three-cylinder machines driven by V belts from 
70-brake horse-power variable-speed motors, and deal 
with the refrigerated cargo and ship’s provisions, while 


rged | the other two compressors, having two cylinders each 


and driven by 50-brake horse-power motors, supply 
brine to the air-conditioning plant. This man 4 
supplied by the Carrier Engineering Company, Limited, 
London, consists of three independent units serving the 
dining saloon and other public rooms, and is under 
automatic control. The vessel is fitted with an electro- 
hydraulic steering gear manufactured by Messrs. Brown 
Brothers and Company, Limited, Edinburgh. The 
gear is of the four-cylinder type and is operated by a 
45-brake horse-power motor driving a V 8 G variable- 
delivery oil pump, a second motor and pump being 








Main Oil Fuel Plant 


held in reserve. Messrs. J. Stone and Company’ 
Limited, Deptford, supplied the four-bladed propellers’ 
the thrusts from which are taken on Michell single- 
collar thrust blocks supplied by Messrs. Thos. Firth and 
John Brown, Limited, Sheffield; one of the thrust 
blocks is shown in Fig. 4, on page 468. A Siemens- 
Ford torsionmeter is fitted to each shaft for power 


measurement. 

The cargo-handling. equipment consists of electric- 
ally-driven winches serving eight 10-ton and twelve 
5-ton derricks, stepped off the mast and Samson posts ; 
and a portable derrick is provided for handling loads 
up to 50 tons. The winches were supplied by Messrs. 
Laurence Scott and Electromotors, Limited, Norwich. 
There are eight steel lifeboats, constructed on Mechan’s 

tent framing principle, and carried in Welin-Mac- 
Salles gravity davits. Two of the boats are pro- 
pelled by Diesel engines and equipped with wireless ; 
two others are fitted with Fleming hand-propelling 
gear, and the remaining four ere arranged for oar 
propulsion. The navigating equipment comprises an 
echo-sounding apparatus, a radar installation situ- 
ated on the compass platform above the navigating 
bridge, and gyro-compass repeaters, operated from a 
master compass, are fitted in the wheelhouse and 
radio room. The radio-telegraph, radio-telephone and 
public-address equipment was supplied by the Inter- 
national Marine Radio Company, Limited, London, 
the radio-telegraph service for public pani 55 
and ship's business being provided by a type I M R 29 
short, medium and long-wave transmitter, with a 
battery-operated emergency transmitter, working in 
conjunction with two high-sensitivity receivers. In 
the kitchen and bakery, electricity is employed for 
cooking and baking, with steam heating for the hot- 
presses and hotplates. All this equipment was supplied 
by Messrs. Henry Wilson and Company, Limited, 
Liverpool. The total electrical loading of the cooking 
apparatus is about 150 kW. 
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INSTITUTION ELECTIONS. 
INSTITUTION OF MECHANICAL ENGINEERS. 


Associate Member.—William Trevor Langdon, Seven- 
oaks, Kent; Lt.-Comdr. (E) Louis Edward Stewart 
Holland Le Bailly, R.N., London, 8.W.1; John George 
McDowall, B.A. (Cantab.), London, W.C.2; Pallicha- 
dath Kochu Govindian Nair, Bombay; Christopher 
Bernard Vere Neilson, M.A. (Cantab.), Warrington, 
Lancs. ; Lionel Ernest Prosser, B.Sc. (Eng.) (Lond.), 
Teddington ; Reginald Rodger, Sheffield; Major Alan 
Romero, B.A. (Cantab.), R.E.M.E., Liverpool ; George 
William Victor Rowe, Rugby; John Alfred Frederick 
Russell, London, S.W.19; John William Scholefield, 
Leeds, 10; Henry Seddon, Birmingham, 6; John 
William Leslie Simpson, Reading ; James Allan Spence, 
B.Sc. (St. Andrews), Islandmagee, Co. Antrim, N. Ire- 
land; Comdr. (E) Kenneth McKenzie Urquhart, 
R.A.N., Sydney, N.S.W., Australia; Lt.-Comd?. (E) 
Leonard Sydney Medill Walker, R.N., Plymouth ; 
Arthur Allan Waters, Hayes, Middx.; David Gordon 
Watkinson, Leeds; Alfred Henry Williams, Springs, 
= Waclaw Bogdan Wojtkowski, London, 


Graduate to Associate Member.—Herbert John Aitken, 
London; Richard Gordon Allen, D.F.C., Johannes- 
burg; Edward Archer Barker, Cheltenham ; Edward 
Geoffrey Barnes, Farnborough; Eric Newton Bays, 
M.B.E., M.A. (Cantab.), London; Lieut. (E) Robert 
Geoffrey Blain, B.Sc.Tech. (Manch.), R.N., Plympton 
St. Maurice ; Henry Clement Bolton, B.A. (Cantab.), 
Coventry; Victor John Brenchley, Berkhamsted ; 
George Campbell, B.Sc. (Glas.), Swindon; Capt. 
Clifford Charles Chapman, R.E.M.E., C.M.F.; Major 
Stanley Cooper, M.Eng. (Sheff.), R.E.M.E., Chertsey ; 
Jeofry Stuart Courtney-Pratt, B.F. (Tasmania), Cam- 
bridge ; John Philip Dodson, London; John Beaton 
Dunnet, Glasgow; Eric Reginald Eccles, Barnsley ; 
William David Eveleigh, Treorchy; Tormod Olaf 
Fjaerem, Worcester Park; Capt. Tharakad Krish- 
nasastri Ganesh, I.E.M.E., Japan; Benjamin Russell 
Gimson, Leicester; Geoffrey Wainwright Grundy, 
B.Se. (Eng.) (Lond.), Loughborough ; Edward Keith 
Harrison, Doncaster ; il Norman Hawkins, B.Sc. 
(Eng.) (Lond.), Edgware; Alfred Edwin Hoare, Lon- 
don; Sidney Hodson, Rotherham; Albert Horler, 
London; Handel Llewelyn James, Gloucester ; Harry 
Kellett, Leicester; Lancelot Suchwell King, London ; 
Henry Maden, Accrington ; Reuben Osmond Message, 
Dartford ; William Thomson Mitchell, Warrington ; 
Klaus Reichmann, B.Sc. (Eng.) (Lond.), Carshalton ; 
Frederick Browne Roberts, M.B.E., London; Bertie 
William George Savill, Farnborough; George Henry 
Seymour, Glasgow ; Geoffrey Ernest Shepheard, Lon- 
don; Leonard Roy Smith, Leeds; Capt. William 
Charles Thomson, B.Sc. (Eng.) (Lond.), R.E.M.E., 
8.E.A.C.; Lieut. (E) Frank Jcseph Thornton, R.N., 
Leeds; Harry Colin Torbitt, B.Sc. (Eng.) (Lond.), 
Rugby ; Charles Hubert Whitmarsh, Warrington. 

Student to Associate Member—Major John Henry 
Neville Thompson, M.C., B.A. (Cantab.), Wolver- 
aman Raymond Ernest Wigg, B.Sc. (Eng.) (Lond.), 

coln. 





LOCOMOTIVE FOR PERU.—The Hunslet Engine Com- 
pany, Limited, Leeds, have recently built a 2-8-0 
locomotive for the Trujillo section of the Peruvian 
Corporation Railways. It is one of the largest non- 
articulated locomotives ever built for a 3-ft. gauge 
railway. 





CoaL SavVINGs AT NEASDEN POWER STATION.—It has 
been stated that, as the result of conversion to oil-fuel 
firing, over 25,000 tons of coal have been saved at the 
Neasden power station of the London Passenger Trans- 
port Board since January, 1947. It is estimated that 
the annual saving when the conversion is completed 
will be about 70,000 tons. This is about two-thirds of 
the former coal consumption. 





THE ENGINEERS’ GUILD.—To fil] the seven vacancies 
occurring annually on the Genera] Council of the 
Engineers’ Guild, the honorary secretary, Mr. W. A. M. 
Allan, 6, Dynevor-road, Richmond, Surrey, iovforms 
us that the following engineers have been elected for 
the ensuing year. Mr. O. V. Bulleid, M.I.Mech.E., 
Chief Mechanical Engineer, Southern Railway; Mr. 
D. B. Hoseason, M.I.Mech.E., M.I.E.E., Director of 
Studies, Administrative Staff College, Henley-on- 
Thames ; Mr. G. Howard Humphreys, M.A., M.I.C.E.. 
senior partner, Howard Humphreys and Sons, consulting 
engineers ; Mr. A. S. Quartermaine, C.B.E., M.C., B.Sc., 
M.L.C.E., Chief Engineer, Great Western Railway ; 
Mr. J. Rawlinson, M.1.C.E., M.I.Mech.E., Chief Engineer, 
London County Council; Mr. J. W. J. Townley, C.B.E., 
M.1.E.E., engineer and manager, Electricity Department, 
County Borough of West Ham ; and Mr. R. M. Wynne- 
Edwards, O.B.E., D.S.0., M.A., M.I.0.E., director, 


BRITISH STANDARD 
SPECIFICATION. 

Tue following specification of engineering interest 
has been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of the paragraph. 


Steel Tubes and Tubular Goods.—A new specification 
for steel tubes and tubular goods, superseding the pre- 
war specification B.S. No. 789 and the war-emergency 
specification B.S. No. 789A, has been issued by the 
British Standards Institution. The present specifica- 
tion, B.S. No. 1387-1947, has been prepared to meet the 
needs of post-war industry and differs from the earlier 
standards in respect of the three classes of tube which 
are included. These comprise : Class “‘ A,” a new light- 
weight tube; class ‘‘ B,” a tube of the same thickness 
as the gas (light) tube of B.S. No. 789-1938; and 
class “‘C,” a tube of the same thickness as the steam 
(heavy) tube of B.S. No. 789-1938. In order to prevent 
confusion in nomenclature with tubes made to B.S. 
Nos. 789 and 7894, it is now recommended that reference 
to “light ” or “‘ heavy ” weight tubes, or to “ gas” or 
“steam” qualities should be avoided, and that the 
tubes should be described by the number of the present 
specification and by the class of tube, namely, ‘‘ A,” 
“B” or “C.” Further, to prevent confusion with 
tubes made to B.S. Nos. 789 and 789a, new identi- 
fication colours have been adopted, namely, class A 
tubes, brown; class B tubes, yellow; and class C 
tubes, green. The scope of the new specification is 
similar to that of the previous editions and it applies 
to welded and seamless, screwed and socketed, and 
plain-end tubes, from } in. to 6 in. nominal bore. As 
is apparent from the title, the specification also covers 
tubular goods, comprising pieces, long screws (con- 
nectors), bends and springs, return bends, and barrel 
nipples. It prescribes the quality of material and 
workmanship, together with hydraulic, bend, and 
flattening tests on the tubes and a mechanical expan- 
sion test on the sockets. Requirements in regard to 
the quality of the galvanising, indication marking, and 
packing for transport, are also included. Detailed 
tables of dimensions, tolerances and weights are given 
for the three classes of tube. The services for which 
the three classes of tube are appropriate are not indi- 
cated and where the use of the tubes is not controlled 
by by-laws or regulations, reference should be made 
to the code of practice relating to the particular appli- 
cation. [Price, 2s. 6d., postage included. ] 





BOOKS RECEIVED. 


Oil Heating Handbook. A Manual of Theoretical and Prac- 
tical Considerations Entering into the Manufacture, 
Installation and Use of Oil Burners in Moderate Size 
Heaters, Including a Complete Oil Heating Terminology. 
By Han A. Kunitz. Third edition, revised. Constable 
and Company, Limited, 10, Orange-street, London, 
W.C.2. [Price 21s. net.} 

The Blueprint Language of the Machine Industries. By 
PROFESSORS HENRY CECIL SPENCER and Hiram E. 
GRANT. The Macmillan Company, 60-62, Fifth- 
avenue, New York City, U.S.A. [Price 5 dols.] Mac- 
millan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 25s. net.] 

Line of Communication. Railway to Victory in the East. 
By Jonn THomas. The Locomotive Publishing Com- 
pany, Limited, 88, Horseferry-road, Westminster, 
London, 8.W.1. [Price 6s.] 

Applied Heat for Engineers. By Dr. J-B. O. SNEEDEN. 
Blackie and Son, Limited, 66, Chandos-place, Strand, 
London, W.C.2. [Price 12s. 6d. net.) 

Model Building Byelaws Illustrated. By G. ERIC 
MITCHELL. Second edition, revised and enlarged. 
B. T. Batsford, Limited, 15, North Audley-street, 
Mayfair, London, W.1. [Price 15s. net.] 

The Annals of the Computation Laboratory of Harvard 
University. Volume V. Tables of the Bessel Functions 
of the First Kind of Orders Four, Five and Siz. Volume 
VI. Tables of the Bessel Functions of the First Kind of 
Orders Seven, Fight and Nine. By the STarr OF THE 
COMPUTATION LABORATORY. Harvard University 
Press, Cambridge 38, Massachusetts, U.S.A. [Price 
10 dols. each volume.) Oxford University Press 
(Geoffrey Cumberlege), Amen House, Warwick-square, 
London, E.0.4. [Price 55s. net each volume.] 

Timber. Its Structure and Properties. By Dr. H. E. 
DescH. Second edition. Macmillan and Company, 
Limited, St. Martin’s-street, London, W.C.2. [Price 
18s. net.] 

Iron Simply Explained. By Eric N. Smons. Paul 
Elek (Publishers), Limited, Diamond House, 37-38, 
Hatton-garden, London, E.C.1. [Price 12s. 6d. net.] 
Jigs and Fixtures for Mass Production. By LELAND A. 
BryYantT and THomMAS A. DICKINSON. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 





Richard Costain, Limited, public works contractors. 





PERSONAL. 


Dr. W. J. KEaRTON, M.I.Mech.E., A.M.I.N.A., senior 
lecturer in mechanical engineering, University of Liver. 
pool, has been appointed to the Harrison Chair of 
Mechanical Engineering at the University, left vacant 
by the retirement of PRorEssor G. E. SCHOLES, M.B.E., 
M.Sce., M.I.Mech.E. 


Dr. Davip HERON, M.A., has been elected President 
of the Royal Statistical Society, 4, Portugal-street, 
London, W.C.2, in succession to the Rr. Hon. Lorp 
WooLTon, P.O., O.H., D.L., LL.D. 


Mr. D. OC. HaGEN, who has been 36 years with Messrs, 
G. and J. Weir, Limited, Cathcart, Glasgow, S.4, has 
been appointed chief draughtsman as from November 3, 

Str CHARLES ELLIS, F.R.S., President and chairman 
of Council of the British Coal Utilisation Research 
Association, 13, Grosvenor-gardens, London, S.W.1, has 
announced the following new titles in respect of the 
Directorate of the Association. Dr. D. T. A. Townenp 
is to be Director-General ; Dr. D. H. BANGHAM, Director 
of Research Laboratories ; Dr. E. G. RITcHIe, Director 
of Engineering Laboratories ; Mr. J. 8. HALES, Director 
of Domestic Appliance Laboratories; and Mr. H. T. 
HatTuHaway, secretary and finance officer. 

Mr. J. H. BENTLEY, B.Sc.Tech., has joined the staff 
of Messrs. Varley Pumps and Engineering, Limited, 
97, Standard-road, North Acton, London, N.W.10, as 
general manager. 

The United Steel Companies Limited, 17, Westbourne- 
road, Sheffield, 10, announce that Mr. GERALD STEEL 
has been appointed joint managing director with the 
chairman, SIR WALTER BENTON JONES, Bt. 

Mr. F. A. Pope, C.I.E., M.Inst.T., vice-president of 
the London Midland and Scottish Railway, has accepted 
the invitation of the Minister of Commerce to become a 
member of the Northern Ireland Road Transport Board. 
As the EARL OF ENNISKILLEN has intimated his wish to 
resign the chairmanship of the Board, it is the Minister’s 
intention to designate Mr. Pope as chairman, as from 
January 1, 1948. 

MESSRS. DEWRANCE AND COMPANY, LIMITED, have 
appointed Mr. H. NEwMAN chief draughtsman in succes- 
sion to Mr. F. ROLINGSON, who retired on October 31. 
They have also appointed Mr. W. I. FeErGuson, 1, Wark- 
worth-terrace, Tynemouth, Northumberland, their repre- 
sentative for the North-Eastern Area, covering the 
counties of Northumberland, Durham and Cumberland. 

Mr. J. H. GLENDINNING has been appointed district 
engineer, London and North Eastern Railway, Boston, 
apd Mr. R. G. Booru, district engineer, Leeds. Mr. 
J. L. ADAMSON is to be assistant district engineer, 
King’s Cross, London. 

Mr. H. E. CaMPKIN has been appointed manager of 
export development and research to Messrs. Ruston and 
Hornsby, Limited, Lincoln. Mr. J. H. ALBERTINI and 
Mr. E. T. N. ALLNUTT have been made joint managers 
of the export sales department of the firm, while Mr. T. L. 
KENDALL will continue as manager of the marine sales 
department. 

Mr. D. W. PLAISTOWE, B.A., A.M.I.Mech.E., has been 
appointed to the board of directors of the Glacier Metal 
Company, Limited, Alperton, Wembley, Middlesex, as 
commercial director. He was formerly commercial 
manager. 

Mr. A. E. Rogson is to be works superintendent, 
Carriage and Wagon Works, Chief Mechanical Engineer's 
Department, London Midland and Scottish Railway, 
Derby. Mr. T. F. B. Smumpson is succeeding Mr. Robson 
as works superintendent, Locomotive Works, Derby. 
Mr. A. Trs has been promoted to the position of district 
engineer, Barrow, and Mr. H. D. Warr to that of 
assistant to the district engineer, Bangor. 

Mr. G. E. BEHARRELL, managing director of the 
Dunlop Rubber Company, Limited, has been elected 
President of the Tyre Manufacturers’ Conference, in 
succession to the late SrR HAROLD KENWARD. MR. F. 
HaMMOND, of the Dunlop Company’s overseas depart- 
ment in London, has been appointed district manager of 
Dunlop South Africa, Limited, in Cape Town. 

Mr. ALLAN SMITH has been placed in charge of the 
Newcastle office of Messrs. A. C. Wickman Limited, 
under Mr. J. MaAcGREGOR of the firm’s Glasgow office. 
Mr. W. V. Hopason, latterly manager of the firm’s 
London office, has been transferred to Coventry to assume 
an executive sales appointment. Mr. F. ELLs has been 
made acting manager, London office. 

THE ATLAS DIESEL COMPANY, LIMITED, Beresford- 
avenue, Wembley, Middlesex, have established a Scottish 
office at 105, St. Vincent-street, Glasgow, 0.2, and have 
opered a London office at 329, High Holborn, W.C.1. 
Mr. G. F. TEMPLE has been appointed sales manager of 
the Diesel-engine department. 

Messrs. E. H. Jones (MACHINE TOOLS) LIMITED, 
Edgware-road, The Hyde, London, N.W.9, have been 
appointed sole distributors for Great Britain for the 
LODGE AND SHIPLEY COMPANY, Cincinnati, U.S.A. They 
have also been made agents for the RACINE TOOL AND 





W.O0.2. [Price 25s. net.] 


MACHINE CoMPANY, Wisconsin, U.S.A. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 


Scottish Steel—The main news is the fact that metal- 
jurgical coke to start up the new blast-furnace at Clyde 
Jron Works is now beginning to come forward slowly. 
In a few week’s time it is hoped to have sufficient on 
hand to light the new stack, of which the weekly pig-iron 
production capacity of nearly 5,000 tons will require a 
weekly coke supply of rather more than 3,500 tons of 
sized material. The steel-ingot output last week was 
at almost full-capacity level at nearly all the works. 
At one works a furnace has been out of action owing to 
lack of scrap. Scrap is still a serious problem, and 
unless the pig-iron make is soon augmented it may be 
necessary to reduce steel production. Ore receipts are 
yery good, though arrivals are somewhat irregular owing 
to shipping difficulties. Engineering and shipyard steel 
is moving steadily. Thin plates are notably scarce, 
and sheets are restricted in volume by the shortage of 
semies, but the position of users generally is quite 
satisfactory. 

Scottish Coal.—Domestic coal stocks have recovered 
very well, and depot figures indicate a winter reserve 
higher than last year. Current deliveries are being 
restricted, of course, to ensure proper winter reserves. 
Industrial stocks are still increasing. The winter pros- 
pects for public utilities are very good, and unless the 
winter is exceptionally severe there is a fair chance of 
getting through safely. Electricity cuts have been 
averted by two factors, namely, staggered hours in 
industry and a mild early winter. Last week’s Scottish 
coal output, at 473,000 tons, was the best since the five- 
day week started, and was achieved partly by a resump- 
tion of Saturday working at some of the collieries. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Hopes for a large expansion 
in coal shipments to Eire next year have been enter- 
tained in South Wales during the past week, following 
reports that the new trade agreement recently reached 
with that country included provision for coal. Eire 
was an important market for Welsh coals before the 
war. In 1938, when British coal exports to Eire totalled 
2,500,000 tons, South Wales alone sent 570,000 tons. 
While the amount of coal to be shipped next year will 
depend upon the amount which this country can spare, 
it was reported from Dublin that they hoped to secure 
double their present allocations, which works out at 
about a million tons. To what extent, if at all, South 
Wales will share in this will depend upon whether the 
district can produce sufficient coal te leave a surplus 
after meeting home requirements. Trading has again been 
very difficult on the Welsh steam-coal market throughout 
the week. There was a keen demand from inland sources, 
but with potential outputs almost entirely sold for some 
months to come, sellers could take little advantage of the 
business available. All the high-priority users were 
taking substantial deliveries and were still making heavy 
forward calls. As a result, operators experienced great 
difficulty in keeping pace with the requirements of other 
inland users, and, in several instances, deliveries had to 
be diverted in order to meet pressing needs. Exports 
were almost impossible, owing to the lack of supplies. 
Severa] foreign consumers were showing great interest, 
but the only allocations being made were those in respect 
of supplies for Eire and Canada. Patent fuel and cokes 
attracted keen interest, but were difficult to secure. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was little, if any, change in the tin- 
plate business outlook. The demand was in excess of 
the increased production but home consumers placed a 
fair volume of orders for delivery during the current 
quarter. In the export market, although the demand 
was good, less business was transacted. Steel sheets 
continue to be sought after, and, owing to the congested 
state of makers’ order books, the placing of further orders 
is most difficult. Iron and steel scrap of nearly all 
grades is in insistent demand. 





SUPERVISORY CONTROL OF TRACTION SWITCHGEAR.— 
Apparatus for the supervisory control of the switchgear 
used on the track supply circuits of the Brisbane Tram- 
ways has recently been completed by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2. This consists of a number of telephone relays 
and uni-selectors which are installed in a central control 
Toom and are connected to five substations by two pairs 
of pilot wires. A miniature diagram of each substation 
is displayed on a panel in the control room, so that the 
position of any circuit-breaker, transformer or rectifier 
can be seen, The remote operation of much of the 
switchgear is possible, and meters are provided for the 
distant measurement of feeder currents and voltages. 
Every switching operation, whether initiated from the con- 
trol room or in the substation, is automatically recorded. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Some improvement in steel production 
is taking place where better supplies of fuel and scrap 
have been obtainable, but production falls short of 
requirements. The demand for stainless steel is far in 
excess of the resources of the manufacturers. The Firth- 
Vickers’ project for additional stainless-steel works is 
being held up by delays in delivery of plant and equip- 
ment, especially electrical equipment, and it is stated 
it will be two-and-a-half to three years before the new 
works are in full production. The scheme is estimated 
to cost 1,500,0007. The working of staggered hours is 
hampering production in those works where the irregular 
and awkward shifts, such as those finishing at 8 p.m., 
deter the men from working overtime. Works with a 
nominal 44-hour week are operating for about 40 hours, 
owing to transport delays and other difficulties insepar- 
able from staggered hours. Agricultural-steel firms are 
being pressed for deliveries of machine parts and tools, 
but are short of steel and fuel and are unable to increase 
production. They state that no priority or preference 
is afforded to them in the interests of agriculture. Con- 
siderable arrears of work have accumulated in wagon- 
repair shops. Makers of railway materials are being 
pressed for deliveries, which are in arrears owing to 
shortage of steel. 


South Yorkshire Coal Trade.—Freedom from disputes 
has permitted increased production of coal; some 
colliery targets are being exceeded. Shortage of wagons 
and periods of foggy weather have hampered the move- 
ment of coal and empty-wagon trains; greater use is 
being made of road haulage. Opencast sites are yielding 
an increasing quantity of coal, which is serving to make 
up some of the deficiencies in the supply of deep-mine 
coal. Gas coal is in strong demand, and electric power 
stations are pressing for full deliveries to maintain their 
reserves at safety levels. The house coal being allocated 
is insufficient to provide the sanctioned quantities. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producing plants are 
operating at as high a pressure as conditions permit, 
and in all branches of Tees-side’s staple industry, manu- 
facturers are encumbered with commitments much 
greater than they can handle. Uneasiness is felt con- 
cerning the near future. Labour troubles are harassing, 
supplies of fuel are still precarious, the much needed 
iron and steel scrap is in inconvenient short supply, and 
the increasing fear of a winter transport crisis are out- 
standing features of the present situation. The yield 
of the Cleveland ironstone mines is on a very disappoint- 
ing scale, but substantial parcels of high-grade foreign 
ore are coming to hand regularly. The demand for 
supplies of all furnace and rolling-mill products is 
extremely heavy. 

Foundry and Basic Iron.—The scarcity of ordinary 
foundry pig iron, together with a serious shortage of 
heavy cast-iron scrap, continues to hamper an increase 
in output of castings. Nearly all the foundry pig now 
going into use at North-East Coast works is coming from 
the Midlands. The whole of the make of basic iron is 
promptly absorbed by the requirements of the producers’ 
own consuming plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
demand for East Coast hematite is unabated, but makers 
are managing to cover their customers’ actual needs. 
The sources of supply, however, might be severely 
strained by any further increase in demand. The avail- 
able tonnage of low- and medium-phosphorus grades of 
iron is not sufficient to cover current needs. Refined- 
iron manufacturers have a ready sale for their products. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron works have sufficient orders to ensure great 
activity in their plants for a considerable time, and 
firms turning out steel have enormous bookings. The 
shortage of steel semies is somewhat less acute than of 
late, but several descriptions of material are still wanted 
in much larger quantities than are available, and any 
usable inferior products available are passing promptly 
to the re-rolling mills. The various classes of finished 
steel are in extremely heavy demand, but recent large 
outputs, if maintained, would cover the more pressing 
needs of home users and contribute appreciably to the 
Government requirement of extra tonnage for the export 
trade. 





BRITISH RESEARCH IN THE RADIO FIELD.—The report 
on British radio research prepared by the Research 
Committee of the Institution of Electrical Engineers, 
to which we drew attention on page 135, ante, is 
published in the November issue of Part I of the 
Journal. It is accompanied by a foreword written by 
Sir Arthur Fleming. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—East Mid- 
land Centre: Monday, November 17, 6.30 p.m., Albert 
Hall, Nottingham. Faraday Lecture on “ Electricity 
and Everyman,” by Dr. P. Dunsheath. Also at the 
South Midland Centre: Tuesday, November 18, 6 p.m., 
Midland Institute, Birmingham. North Midland Centre : 
Tuesday, November 18, 7 p.m., Royal Station Hotel, 
York. ‘“‘ Gas, Electricity and Coal Economy,” by Mr. 
P. Schiller. Radio Section: Wednesday, November 19, 
5.30 p.m., Victoria-embankment, W.C.2. Various papers 
on the magnetron. Institution: Thursday, November 
20, 5.30 p.m., Victoria-embankment, W.C.2. Report on 
“ Practical Training of Professional Electrical Engineers,” 
presented by Sir Arthur Fleming. Measurements Section : 
Friday, November 21, 5.30 p.m., Victoria-embankment, 
W.C.2. ‘“ Iron-Loss Measurement by A.-C. Bridge and 
Calorimeter,’’ by Professor H. Greig and Mr. H. Kayser. 

JUNIOR INSTITUTION OF ENGINEERS.— North-Western 
Section: Monday, November 17, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. “ Aspects of Automobile 
Design,” by Mr. D. H. Millar. Institution: Friday, 
November 21, 6.30 p.m., 39, Victoria-street, S.W.1. 
“Patents from the Layman’s Point of View,” by Mr. 
L. H. A. Oarr. 

INSTITUTION OF PRODUCTION ENGINEERS.—Luton Sec- 
tion : Monday, November 17, 7 p.m., Town Hall, Luton. 
“ Interchangeability in Manufacture,”’ by Mr. F. Baker. 
Western Section: Wednesday, November 19, 6.45 p.m., 
Grand Hotel, Bristol. “Incentives to Engineering 
Workers,” by Mr. K. E. Taylor. Birmingham Section : 
Wednesday, November 19, 7 p.m., James Watt Institute, 
Birmingham. “Electronics in Industry,” by Dr. W. 
Wilson. Glasgow Section: Thursday, November 20, 
7.30 p.m., 39, Elmbank-crescent, Glasgow. ‘“‘ Production 
Engineering in Marine Shops,” by Mr. J. Green. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 18, 5.30 p.m., Great George-street, S.W.1. Debate: 
“That the Flat-Bottomed Rail will Render the Bull- 
headed Rail Obsolete.”” For: Mr. E. C. Cookson. 
Against: Mr. W. J. Scott. North-Western Association : 
Wednesday, November 19, 6 p.m., 9, The Temple, 24, 
Dale-street, Liverpool. Meeting with LIVERPOOL EN- 
GINEERING Socrety. ‘‘ Construction of a Large Reser- 
voir,” by Mr. W. S. Osman. 

CHEMICAL ENGINEERING GROUP and PHYSICAL 
SocreTy.—Tuesday, November 18, 5.30 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. “ New 
Process for Separation of Ethylene from Coke Oven Gas,” 
by Dr. P. M. Schuftan. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS 
and INSTITUTION OF ENGINEERS-IN-CHARGE.—Tuesday, 
November 18, 6.15 p.m., Magnet House, Kingsway, 
W.C.2. “ Electronics,” by Messrs. F. R. Unwin and 
A. W. Corneck. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaND.—Tuesday, November 18, 6.20 p.m., 39, 
Elmbank-crescent, Glasgow. Report of Council for 
1946-47. ‘“‘ Comparisons of Propeller Series on a Basis 
of Effective Pitch,” by Mr. J. Brown. 


INSTITUTION OF WATER ENGINEERS.—South-Eastern 
Section: Wednesday, November 19, 2.30 p.m., Institu- 
tion of Civil Engineers, Great George-street, S.W.1. 
“Work of Committee on Water Regulations,” by Mr. 
B. L. McMillan. Northern Section: Friday, November 
21, 2 p.m., Engineers’ Club, Albert-square, Manchester. 
Annual Meeting. 

RoyaL AERONAUTICAL SocreTy.—Preston Branch : 
Wednesday, November 19, 7 p.m., Chamber of Com- 
merce, Fishergate, Preston. ‘‘ Aircraft in Future War- 
fare,” by Air Marshal Sir Robert H. M. S. Saundby. 

INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, November 20, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. Papers on “‘ Bibiani Gold Mine,” 
by Mr. G. W. M. Eaton Turner and Mr. H. A. McGowan. 

INSTITUTION OF MECHANICAL ENGINEERS.—North~ 
Western Administration and Production Group: Thurs- 
day, November 20, 6.45 p.m., Engineers’ Club, Manches- 
ter. ‘“‘ Induction Heating in Engineering,” by Dr. F. W- 
Haywood. Institution: Friday, November 21, 5.30 p.m., 
Storey’s-gate, S.W.1. Thomas Hawksley Lecture on 
“ Rocket as a Weapon of War in the British Forces,” by 
Sir Alwyn D. Crow. AUTOMOBILE DIVISION. Scottish 
Centre : Monday, November 17, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘“‘ Cylinder Head Design,” by Mr. 
J. Swaine. And at Western Centre: Thursday, Novem- 
ber 20, 6.45 p.m., Grand Hotel, Bristol. Luton Centre : 
Tuesday, November 18, 6.30 p.m., George Hotel, Luton. 
“ High-Speed Compression-Ignition Engines,’’ by Messrs. 
S. Markland and N. Tattersall. 

Roya InstTrTUTION.—Friday, November 21, 9 p.m., 
21, Albemarle-street, W.1. ‘‘ Recent Developments in 





the Steel Industry,” by Dr. C. H. Desch, F.R.S. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing « 
gimilar title. 

Telegraphic Address : 
« ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMpte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are nrc to “ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 


Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 

t in town or country and from railway book- 

galls, or it can be supplied by the Publisher, post free, 

at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


Pieced re ene 
Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 











ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrap Pper, on the inside black and white pages 
and in the buff art ~— two-colour supplement, as 
well as for insets, can obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all apenas ke regu- 
larity but absolute regularity cannot 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s, per line u to one inch. The 
line averages six words and w an advertisement 
measures an inch or more, the wig is 24s. per inch. 
If use is made of a box number extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be es 
at the following rates :—5 per cent. for six; 12} pe 
cent. for thirteen ; 25 per cent. for twenty-six ; end 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to pot oe it 
proofs for approval. 

The Proprietors will not hold themselves res 
for advertisers’ blocks left in their possession 
than two years. 
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THE BRITISH HYDRO- 
MECHANICS RESEARCH 
ASSOCIATION. 


Hyprav ics is one of the oldest subjects of funda- 
mental importance to engineers. The term implies 
a very wide field of technical consideration, ranging 
from such spacious subjects as flow in estuaries and 
rivers, and coastal erosion, to the design and manu- 
facture of high-pressure oil pumps discharging 
small quantities of liquid at very high pressures. 
It embraces pumping machinery, without which 
modern water supplies, sanitation, drainage, and 
electric-power generation would be impracticable. 
It also includes a very large contribution to the 
world’s electrical energy which is produced by 
water turbines. Unfortunately, the laws of hydrau- 
lics are so complex that, in the early years of con- 
structive analysis of such matters, classical theories 
were evolved which over-simplified many of the 
observed phenomena. The design of hydraulic 
plant and the prediction of its performance has been 
based chiefly on these theories, augmented by an 
accumulation of empirical data. In recent years, 
under the pressure of continual demands for more 
accurate prediction and more efficient performance 
of hydraulic machines, a certain amount of research 
has been carried out in various parts of the world, 
and it is probably true to say that, in many spheres, 
the most important work of this kind has been 
carried out on the European Continent and in the 
United States. Obviously, fhe whole subject is 
so wide that, for practical consideration, it must 
be subdivided ; but this is facilitated by the fact 
that it falls naturally into two parts, namely, that 
section which is chiefly of interest to civil engineers, 
dealing with flow of liquids under what are termed 
“loose boundary” conditions, and the problems 
coming into the category of mechanical engineering, 
where the flow is constrained within enclosed 
boundaries. While many of the problems may have 
similar origins, the effect and application of the 
phenomena are very different. 

Hitherto, most of the research into the mechanical 
engineering side of hydraulics, in this country, has 
been carried out by individual manufacturers, 
working independently, or with only slight and 
occasional co-operation. In recent years, however, 





it has been felt increasingly that some more efficient 
arrangement should be devised, and this has 
culminated in the recent formation of the British 
Hydromechanics Research Association. This re- 
search association undoubtedly represents the first 
organised attempt to co-ordinate British knowledge 
on this important subject, and the movement has 
received an encouraging measure of support from 
manufacturers, and also from users, of hydraulic 
plant of all kinds. 

It is appreciated that, in many fields, British- 
made hydraulic plant, at the present time, is equal 
to, or better than, that produced by overseas 
competitors ; but, in order to retain that position 
in the export market, it is essential that improve- 
ments in design and performance should keep pace 
with foreign designs and, if possible, be in advance of 
them. Users of hydraulic machinery at home must 
benefit materially by any improvements in perform- 
ance and efficiency; in fact, it is reasonable to 
suggest that any advantages resulting from research 
are likely to be even more beneficial to the users of 
the machines than to the manufacturers, and it is 
expected, therefore, that, as in the case of electrical 
research, a considerable amount of technical and 
financial support will be forthcoming from this 
quarter. The newly-formed Research Association is 
intended to work in very close relationship with the 
Mechanical Engineering Research Board, recently 
instituted by the Department of Scientific and 
Industrial Research, among the objects of which is 
the building of a large and well-equipped laboratory 
for research in fundamental mechanical engineering 
hydraulics. It is proposed that the Association shall 
provide a means of liaison between the manufacturers 
and the users of hydraulic plant and the Mechanical 
Engineering Research Board, with its Government- 
financed equipment, thus forming a centre of 
hydraulic knowledge and ability for investigation 
which, it is confidently hoped, will be unrivalled 
eventually throughout the world. 

The operating expense of the Association is 
estimated to be relatively low, compared with many 
similar organisations in other fields, because it will 
not be necessary to devote large capital sums to . 
the construction and equipment of a research 
laboratory. No such expenditure is contemplated, 
because the resources already available in the 
laboratories of universities, technical colleges and 
private firms are extensive, and full advantage 
will be taken of them to enable research work 
to be undertaken with the minimum of delay ; 
therefore, the cost, even to the manufacturing 
members, will probably not be more than the 
wages of an additional labourer. This is a very 
small outlay when it is considered that to maintain 
a single full-time scientific investigator in a works 
involves an expenditure of between 2,500]. and 
3,000/. per annum; regarded as a percentage of turn- 
over, therefore, the individual firm’s contribution to 
the Research Association should be very low. 

Notwithstanding industry’s present pre-occupa- 
tion with export drives, fuel economies, etc., 
research is still of prime importance; a point of 
view which is certainly not being overlooked in 
other countries. For example, an examination of 
American literature shows that, at the present time, 
in the United States alone, there are at least 40 
separate research investigations now being made 
into the turbulent flow of liquids witbin enclosed 
boundaries. In one case, a large water tunnel is 
being constructed, in which the power input will 
be nearly 2,000 water horse-power. Apart from 
investigations of the performance of pumps and 
turbines, three independent research objectives are 
concerned with the measurement of velocities in 
turbulent flow by induced electric-potential methods. 
It is only reasonable to expect that the expenditure 
of so much effort will result in additional knowledge 
and improved designs, which must be of material 
advantage to Britain’s competitors in the inter- 
national markets. 

t has been a common experience in many re- 
search associations that, at their inception, possible 
members have doubted their practical value ; 
probably because, hitherto, they have met their 
day-to-day requirements fairly satisfactorily by the 
application of empirical data. As soon as it becomes 
evident, however, that co-operative research affords 
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the means to tackle the more abstruse phenomena 
effectively, the true value of the work attracts 
additional support, until this form of research 
organisation is recognised as constituting a vital 
part of the industry’s competitive equipment. 

It is proposed to divide the work of the Hydro- 
mechanics Research Association into two sections, 
the first of which comprises the general category of 
fundamental research. This will involve the investi- 
gation of problems which may appear to have no 
immediate industrial application, such as the study 
of the internal motion of fluids, and of pressure 
gradients under different flow conditions. The 
second class of work, which is applied research, 
deals with the solution of problems which have 
direct practical application, including investigations 
of the performance of machines, and the examina- 
tion of phenomena encountered in practice. Many 
important problems have already been suggested for 
investigation. In some of these cases, a few years 
must elapse before solutions can be expected ; but 
experience in other fields has shown that, notwith- 
standing the delay, the ultimate results may be of 
great commercial value. Included among the pro- 
posed subjects of inquiry are the phenomena of 
cavitation in centrifugal and reciprocating pumps 
and in water turbines, and the practical prediction 
of its onset, with a view to its eventual elimination 
or avoidance. The laws connecting the performance 
of scale models of pumps and turbines with that of 
the full-size machines offer immense scope for 
investigation and, perhaps, simplification and wider 
application. The formation and collapse of bubbles 
and the influence of dissolved gases in fluids, while 
partaking rather of the nature of ‘“‘ fundamental ” 
research, present practical problems also, the clarifi- 
cation of which is an essential first step towards 
more efficient design. These are matters of practical 
hydraulics which hitherto have been rather a 
hunting ground of the empiricist, as have also the 
effect of varying proportions of solids in fluids being 
pumped, and the influence of viscosities in excess of 
that of water. Ejectors, injectors, measuring 
devices, the effect of pulsating flow and pressure 
surges, the form of draught tubes and of valves and 
other fittings, and the effect of the unavoidable 
divergence of parts as made from the ideal forms 
laid down on the drawing board—these and many 
other practical points should provide ample scope 
for directly useful research work. 

In addition to the matter of bubbles and dissolved 
gases, mentioned above, certain other items in the 
Association’s draft programme of “applied” 
research appear to belong rather to the “ funda- 
mental” category; for instance, the methods of 
assessing hydraulic roughness and the standardisa- 
tion of pipe-friction formulze—which, incidentally, 
raises the question whether, in this connection, 
“standardisation” is the best word to describe 
what is presumably intended. It would seem, too, 
that the investigation of some of these problems 
necessarily must await the completion of the new 
laboratory visualised by the Mechanical Engineering 
Research Board, where alone, in this country, 
facilities are likely to be available to explore them 
on a really big scale, with the aid of the latest 
apparatus for exact measurement. There would 
appear to be reason for supposing that some, at least, 
of the discrepancies in formule, for example, may 
be attributed to the fact that the work on which 
the older formule were based was carried out on 
too small a scale and without the refined and 
frequently expensive appliances for observing and 
recording that the modern research worker, in such 
an establishment, has at command. Meanwhile, 
however, there is no lack of subjects claiming 
attention, and useful results should begin to accrue 
within a comparatively short time. It is to be 
hoped that the severely practical outlook which is 
suggested by the composition of the original com- 
mittee who made the arrangements to form the 
Association will inspire and characterise its active 
operation. Much has been said and written about 


the vastly greater research potential and output of 
certain foreign countries, as compared with those of 
Britain, but we do not recall any attempt to deter- 
mine how much of that output was found, in the 
event, to be absorbed—avidly, spontaneously, or 
at all—into every-day productive technique. 





THE RAILWAY ROLLING 
STOCK POSITION. 


During the war, the publication of the Ministry 
of ‘Iransport annual statistical returns of the rail- 
ways of Great Britain was suspended, after the 
appearance, in July, 1939, of the returns for the 
year 1938. Some of the information that had been 
withheld was made available in summarised tables 
for the years 1938 to 1944, which were published by 
the Ministry in the spring of 1936. The whole 
matter has now been straightened out, as far as 
possible, by the publication, by the Railway Clearing 
House, of statistical returns for the years 1938 to 
1946.* The information is given generally in the 
same form as that employed in the Ministry of 
Transport publications, but contains valuable addi- 
tional tables in which the figures for the four main- 
line railway companies are segregated. These new 
and more complete returns do not altogether furnish 
information directly comparable with that which is 
available for earlier years, as during the war not 
only was some information held back, but, owing 
to shortage of staff, the data on which it would 
have been based were not collected. As a result, 
some of the figures given are estimates; there is, 
however, no reason to doubt their accuracy. 

The separate returns for the four main-line com- 
panies, and for minor lines for which totals only are 
given, are not only of interest, as showing the per- 
formance of the individual railways, but should, in 
the future, prove of value to students of transport 
subjects and those concerned with the economics 
of large-scale operation. Presumably those respon- 
sible for the nationalisation of the railways have 
some ideas, possibly vague, about the technical 
aspects of the unification which they are carrying 
through and in due course, assuming proper statis- 
tics are published, it will be possible to judge to 
what extent the postulated advantages of nationa- 
lisation results in new distributions of traffic, better 
stock utilisation, economy in locomotive types, 
reduction in the percentage of vehicles awaiting 
repair, and similar matters bearing on the efficiency, 
and thus on the finance, of railway operation. 

It is so many years since the railway companies 
were free to conduct their business in their own way, 
and they are so shortly to go out of existence, that 
the attention and care which have been devoted to 
their operation in such discouraging circumstances 
is a matter on which those responsible are to be 
congratulated. Technical officers have had not 
only to contend with external controls, but have had 
to adapt themselves to the impact of the dis- 
abilities, such as inferior coal and shortages of 
material, which have affected most of the industries 
of the country. It cannot be any satisfaction to the 
engineering and traffic departments to know that 
the consumption of coal per engine-mile, which was 
52-50 Ib. in 1938, was 64-31 lb. in 1946. This 
figure rose steadily throughout the years covered by 
the returns, except that there has been a slight fall 
since 1944, when it was 64-35. Coal consumption 
per engine-mile, to a large extent, is a function of 
coal quality, but it is influenced by other factors. In 
1938, the train miles per hour for passenger trains 
was 15-08, and for freight trains 9-15. In 1946, 
the corresponding figures were 14-32 and 7-64. 
Both these figures show some improvement over the 
war years, but are still considerably behind those for 
1938. Train speeds are affected by coal quality to 
an important extent,®but a lower speed will in 
itself increase the consumption per train-mile hour, 
the whole procedure moving round in a vicious circle. 
In some cases, train speeds will be reduced owing to 
the quality of the track. In 1938, the mileage of 
track renewed was 1,485. Assuming this is a desir- 
able annual average, the ground lost between that 
year and 1945 represents some 3,000 miles, so that 
to bring matters up to pre-war standard, 4,485 miles 
should have been renewed in 1946; the actual 
figure was 1,179. This, however, is the greatest 
mileage since 1939, suggesting that both the labour 
and supply positions are improving. 





* Tables of Statistical Returns relating to the Railways 
of Great Britain. Years 1938 to 1946. Railway Clearing 
House, 203, Eversholt-street, London, N.W.1. [Price 
2s. net.) 





As has been pointed out frequently by Govern. 
ment speakers, wagon shortage is one of the greatest 
difficulties with which the railways have to contend. 
The overall position at the end of 1946 was that 
the total railway-company wagons available for 
traffic was 593,177. To these 507,260 requisitioned 
private-owner wagons have to be added. These 
latter vehicles, to all intents and purposes, have 
been railway company property since 1939 and are 
not going to be returned to their owners, so that from 
the point of view of traffic considerations, the figures 
may be added, giving a total of 1,100,377. Statistics 
of private-owner wagons were not available before 
1940, but for that year the corresponding grand 
total available for traffic was 1,204,656. In the 
House of Commons last week, the Parliamentary 
Secretary of the Ministry of Transport stated that 
the number of wagons available “to-day” was 
1,020,760. This shows a considerable reduction on 
the 1946 figure quoted above from the statistical 
tables, which may either indicate further deteriora. 
tion in the position or may be due to some difference 
in the method of computation employed. These 
totals of wagons available are far from representing 
the total stock. In 1938, the number of railway. 
company wagons under or awaiting repair was 
18,800; in 1946, it was 71,727. The earliest year 
for which similar information about private-owner 
wagons is available is 1940, when 22,115 were under 
or awaiting repair as compared with 68,562 in 1946. 

The total number of wagons under or awaiting 
repair has shown a continuous rise over the last 
five or six years, but the Parliamentary Secretary 
is understood to have said that the peak had now 
been passed and a fall might be expected. As the 
number at the end of 1946 represented some 13 per 
cent. of the total stock, it is to be hoped that this 
expectation will be realised. Under present con- 
ditions, presumably every wagon that can be got 
on to the road will be of service, but it would seem 
possible that labour and material might be em- 
ployed more usefully in building new stock than in 
repairing some of the old small-capacity vehicles. 
The tables suggest that this policy is being followed, 
the totals of 8-ton and 10-ton wagons tending to fall 
and those of larger capacity to rise. The London 
and North Eastern Railway appears to have been 
the most active in providing itself with larger- 
capacity vehicles. It is credited with 13,313 
wagons over 13 and under 20 tons capacity, and 
25,808 of 20 tons and over. Corresponding figures 
for the London Midland and Scottish Railway are 
3,865 and 7,687. Apart from reduction in total 
wagon capacity owing to the large number of 
vehicles under repair, much has been heard of the 
effect of slow turn-round. This matter is an illus- 
tration of the fact that a period when a serious 
proportion of the capital assets of the country has 
been destroyed, or is suffering from deferred main- 
tenance, is not the best time to reduce working hours. 

The passenger carriage position is broadly similar 
to that of goods wagons, but is less serious. The 
total number available at the end of 1946 was 
35,697, compared with 40,793 in 1938, the numbers 
under or awaiting repair in the two years being 
4,823 and 2.699. The estimated passenger miles 
were 29,231 million in 1946 and 18,993 million in 
1938, the increase in the figure for the former year 
does not, however, directly represent the increase 
in passenger journeys, as the average length of 
journey in 1946 was 23-93 miles and in 1938 only 
15-94 miles. Generally speaking, goods vehicles 
are loaded to capacity, but passenger vehicles are 
not, so that for much of the week a decrease in the 
stock available may have little effect on the comfort 
of passengers. The number of locomotives has not 
greatly varied over the period covered by the tables. 
In 1938, 18,469 were available for traffic and 1,190 
under repair; the figures for 1946 were 18,752 
available and 1,626 awaiting repair. The total 
number has continued to rise since 1941 and the 
number under repair to rise since 1944. The 
figures for recent years show a tendency for the 
total number of 6-, 8- and 10-coupled driving-wheel 
locomotives to increase and of 4-coupled engines to 
fall. This is no doubt evidence of progress in a 
policy of modernisation of stock. The average 
empty weight per locomotive has increased from 
49-94 tons to 51-69 tons. 
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NOTES. 


{Tae INsTITUTION OF MECHANICAL ENGINEERS. 


Ar anextra general meeting of the Institution of 
Mechanical Engineers, held in London on Friday, 
November 7, Dr. R. C. Parker and Dr. P. R. Marshall 

sented a paper on ‘‘The Measurement of the 

Temperature of Sliding Surfaces, with Particular 
Reference to Railway Brake Blocks.” The chair 
was occupied by the President, Lord Dudley 
Gordon, D.S.O. The paper comprised two parts, 
the first surveying various methods of measuring 
rapidly-varying surface temperatures and describing 
a pyrometer to cover the temperature range from 
900 deg. to 900 deg. C. (390 deg. to 1,650 deg. F.), 
utilising a lead-sulphide cell and having a response 
time as small as six-micro-seconds. This pyrometer 
had been used by the authors todetermine the temper- 
atures of the surface of a railway tyre, during brake 
applications under various conditions, immediately 
behind the brake block, and the second part of the 
paper was devoted to an account of these experi- 
ments and the deductions from them. The varia- 
tion and extent of the area of contact between the 
brake block and the tyre were investigated, simul- 
taneously with the measurements of temperature, 
and it was found that the area, during any one 
brake application, tended to be confined to one or 
more narrow strips parallel to the long axis of the 
brake-block face.’ Evidence was adduced to show 
that the position of these strips was the result 
of tyre distortion, and the distortion was intensified 
by the dissipation of the entire kinetic energy, in 
the form of heat, through a relatively small area. 
Surface measurements of temperature indicated 
that, even under operating conditions of only 
moderate severity, temperatures of more than 
800 deg. C. (1,470 deg. F.) were registered ; sufficient, 
it was shown, to produce inconsistencies in the 
kinetic coefficient of friction, to lead to rapid 
wear Of the brake block, and to cause heat-spots 
on the tyre, which developed ultimately into cracks. 
It was found that the contact area of the block was 
sensibly constant under given conditions, so the 
experiment was tried of using a shorter block, to 
cause the contact area to spread across the tyre 
tread. By reducing the length of the block to 
one-quarter of its original length, the formation 
of heat spots was entirely avoided ; and a considera- 
tion of the economic factors indicated that there 
should be financial advantages also in using shorter 
blocks. The experiments were made with standard 
materials, the brake blocks being of two types, one 
as used by the London Midland and Scottish 
Railway and the other as supplied to the London 
Passenger ‘Lransport Board. 


Tort NELSON RESEARCH LABORATORIES OF THE 
EnNGuisH ELectric CoMPAaNy. 


The Nelson research laboratories of the English 
Electric Company, at Stafford, which were formally 
opened by the President of the Board of Trade (the 
Rt. Hon. H. Wilson) on Wednesday, November 5, 
consist of two main groups. The first of these 
adjoins the works of the company, and is divided 
into ten sections in which high-power and high- 
voltage investigations are carried out, as well as 
associated work on insulation, general and vacuum 
physics, electronics, metallurgy and radiology. The 
building of these laboratories was begun before 
the war and the high-voltage laboratory and the 
first stage of the high-power laboratory was 
completed in 1938. The chemical, insulation, 
physical and electronic laboratories were brought 
into use a year later, and during the war the metal- 
lurgical laboratory was added. In 1944, work on 
the extension of a second high-power laboratory, 
which had been stopped on the outbreak of war, was 
recommenced and has now been completed. The 
second group of laboratories is at Blackheath-lane, 
Stafford, and is housed in buildings used during 
the war for the testing of aeroplane engines. Work 
in these laboratories, at the moment, is divided into 
four sections, which deal respectively with high- 
voltage electrostatic generators, synchrotrons, high- 
voltage impulse equipment for X-rays and accelerat- 
ing electrons and radiation. The electrostatic 
generators include two machines of the de Graaf 





type which are being constructed for 2,000,000 and 
5,000,000 volts, respectively. Both machines are 
insulated with compressed nitrogen at a pressure 
up to 400 lb. per square inch. The first is to be used 
for accelerating electrons and the second for acceler- 
ating both electrons and protons. Of the synchro- 
trons that are being developed, one is designed for 
accelerating electrons to an energy of 30,000,000 
volts and is similar to three other machines which 
are being constructed for the Atomic Energy 
Research Establishment at Harwell and the Medical 
Research Council. A second type of machine, 
which is being built for the Clarendon Laboratory 
at Oxford, is designed to produce 140 million volts. 
Television equipment is available for viewing these 
high-voltage machines from a separate room while 
they are operating. 


Tue Iron anp Steet Iystirute. 


The annual autumn meeting of the Iron and Steel 
Institute was held on Wednesday and Thursday, 
November 12 and 13, at the offices of the Institute, 
4, Grosvenor-gardens, London, 8.W.1l. Dr. C. H. 
Desch, F.R.S., the President, occupied the chair 
at the first session and, at the outset, announced that 
the Council had nominated Sir Andrew McCance, 
D.Sc., F.R.S., to be the next President of the 
Institute, to take office in May, 1948. Sir Andrew 
had joined the Institute in 1914, had become a 
member of Council in 1932 and a vice-president in 
1941. He was chairman of the British Iron and 
Steel Research Association and had been knighted 
earlier in the present year. The secretary, on being 
called upon, gave a list of the changes which had 
taken place in the Council since the last general 
meeting in May, 1947. He said that Mr. W. J. 
Dawson, a vice-president, had been nominated an 
honorary vice-president, in recognition of his long 
and distinguished services to the Institute, and that 
Mr. J. Sinclair Kerr, a member of Council, had 
been made a vice-president. Mr. T. M. Service 
had been appointed an honorary member of Council, 
in succession to the late Dr. J. W. Donaldson, 
during his perigd of office as President of the West 
of Scotland Iron and Steel Institute. Similarly, 
Mr. W. M. Larke had been made an honorary 
member of Council, in succession to Mr. G. B. 
Morrison, during his tenure of the office of President 
of the Staffordshire Iron and Steel Institute. 
A third honorary member of the Council was Mr. 
E. A. Davies, who had recently succeeded Mr. G. J. 
Jones as President of the Swansea and District 
Metallurgical Society. In accordance with by-law 
10 of the Institute, three vice-presidents and five 
members of Council were due to retire at the next 
annual general meeting, but were eligible for 
re-election. The vice-presidents were Mr. J. R. 
Menzies-Wilson, Mr. J. Mitchell and Mr. R. Mather, 
and the members of Council, Mr. I. F. L. Elliot, 
Mr. C. R. Wheeler, C.B.E., Mr. E. F. Law, Dr. C. 
Sykes, F.R.S., and Mr. D. A. Oliver. The secretary 
then announced that the 1948 annual general meet- 
ing would be held on May 5 and 6 and the Autumn 
general meeting, in London, on November 10and 11, 
1948. A blast-furnace symposium would be held 
at the offices of the Institute on May 26 and 27, 
1948, and the possibility of holding a special summer 
meeting, largely for the benefit of Continental mem- 
bers, at the end of the first week and during the 
second week of July, 1948, was being examined by 
the Council. Particulars of this would be announced 
in due course. 


IRoNworKS DEVELOPMENTS ON TEES-SIDE. 

A project for the installation of a new blast- 
furnace plant at the Cleveland Works of Messrs. 
Dorman, Long and Company, Limited, Middles- 
brough, is under consideration by the Iron and 
Steel Board. The new scheme, which it is estimated 
would cost over 4,600,0001., provides for two new blast 
furnaces, together with the necessary extension of 
gas-cleaning and distribution plant, and new rail- 
ways and bridges. The new furnaces would be the 
largest in the country, having a hearth diameter of 
approximately 27 ft. and an output, per furnace, 
of between 7,250 tons and 7,500 tons of basic iron 
a week. The new blast furnaces would be situated 
close enough to the central ore-unloading and 
preparation plant, now under construction, and to 
the existing coke-oven batteries, for the raw ma- 





terials to be delivered to the blast furnaces by belt 
conveyors. To meet the need for additional large- 
capacity blowers, the new boiler-house plant would 
be almost doubled and all blast-furnace gas would 
be used effectively at the Cleveland and Lackenby 
works. Messrs. Dorman Long’s new open-hearth 
steelworks which are under construction on the 
Lackenby site, in association with a large beam 
mill, will be linked by private railway with the 
Cleveland and the Redcar works. When all develop- 
ments envisaged are complete, the Cleveland, 
Lackenby and Redcar works will have a combined 
maximum pig-iron demand of approximately 22,000 
tons a week. Provision is made, in the scheme now 
under consideration, for conveying molten iron to 
the Lackenby steelworks and replacing much of the 
old and now uneconomic blast-furnace plant at the 
Cleveland works. Hot-metal and slag ladles of 
75 tons capacity, requiring new locomotives 
and rolling stock, would be used to transport 
the molten iron between the blast furnaces and 
Lackenby, a distance of three miles, and also, when 
necessary, to Redcar, four and a half miles away. 
It is anticipated that the two projected blast 
furnaces and other essential plant could be com- 
pleted within three years. The possibility of the 
construction of a third blast furnace being under- 
taken before the two envisaged in the scheme 
would be completed, is being considered. In any 
event, the site selected for the new blast furnaces 
extends over 48 acres and would permit of the 
installation of five or even six blast furnaces. This 
is the number which it is thought might be required 
eventually if the Lackenby site is developed to its 
maximum steelmaking and rolling capacity. 


STANDARDS FOR RADIOGRAPHIC EXAMINATION. 


The need for a central school of industrial radiology 
was expressed by Mr. H. N. Pemberton at a discus- 
sion on “ Acceptance Standards in Relation to the 
Radiographic Examination of Castings and Welds,” 
which the Industrial Radiology Group of the 
Institute of Physics held at the British Institute of 
Radiology, 32, Welbeck-street, London, W.1, on 
Friday, November 7, 1947. Mr. Pemberton said 
that he was aware of the existence of a school 
which was run by a firm, but he thought that 
something larger was required. The discussion 
centred mainly on the desirability, practicability, 
and nature of acceptance standards; and the 
general view was that while standards relating to 
the taking of radiographs and the interpretation 
of them were desirable, the existence of many 
variables connected with the work and the apparatus 
precluded the adoption of anything in the nature 
of universal standards. The chairman of the 
Industrial Radiology Group, Mr. W. J. Wiltshire, 
G.M., B.A., F.Inst.P., in opening the discussion, 
said that, in the examination of castings and welds, 
the radiographer might be severely restricted by 
rigid standards, or, on the other hand, he might be 
allowed to act in accordance with his ‘‘ personal ”’ 
standards based on knowledge and experience. 
Captain (E) J. G. C. Given, R.N., spoke of the 
increased confidence, engendered by radiography, 
which enables a designer to reduce factors of safety. 
At the Engineer-in-Chief’s Department of the 
Admiralty, they had had some success with stan- 
dards of procedure and acceptance for welded boiler 
drums ; but, for the examination of castings, they 
had had to give a particular specification for each 
casting. A defect was accepted or rejected accord- 
ing to its nature and position in the casting, and 
it was therefore difficult to lay down standards 
in this connection. Dr. H. Harris contended that 
X-rays could reveal only secondary defects in 
welds, and advocated a greater degree of freedom 
for the manufacturer. In a written contribution, 
Dr. R. Hunter expressed the general view, when he 
referred to the radiographic examination of castings 
and welded repairs to castings. He recommended 
the use of radiography for the improvement of 
foundry practice, and drew attention to variables 
such as the wavelength, the dimensions of the beam, 
etc., which would be a serious obstacle to stan- 
dardisation. The founder was concerned with a 
variety of castings, for each of which a different 
technique was required. Radiographs should be 
interpreted by experienced radiologists, who must 
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be ready to consult the designers; the final de- 
cision was empirical. Mr. Pemberton said that 
it was gratifying to note that the leading manufac- 
turers—not the inspecting authorities—had devel- 
oped their own high standards. A committee of 
the British Welding Research Association, which 
had dealt with the radiographic examination of 
welds in pressure vessels, under his chairmanship, 
had concluded that the interpretation of a radio- 
graph was the proper function of an experienced 
radiologist, who should be advised by the engineer. 
It was possible to establish standards of porosity 
for welds, but this was not the most serious defect. 
Mr. A. H. Goodger quoted examples to show the 
empirical nature of the interpretation of radio- 
graphs, but agreed that it was possible to prepare 
drawings of acceptance standards for porosity. 
Mr. C. Croxson spoke as a practising radiologist, 
and said that research on the relation between 
radiographic results and mechanical tests was 
required. A subsequent speaker referred to the 
aircraft industry practice of selecting three out of 
the first twenty of a batch of castings, subjecting 
them to examination and mechanical tests, and 
basing examination and acceptance of the remainder 
of the batch on the results. In his reply, however, 
Captain Given questioned the wisdom of this 
method, and referred to the unaccountable variation 
in the quality of large castings.. Mr. Goodger 
closed the discussion with a reference to the improved 
welding which invariably occurs when a welder 
knows that his work is to be examined radiographic- 
ally ; and he avoided any suggestion of finality in 
the discussion when he asked if, since several 
speakers had referred to their “ personal standards ” 
for examinations, it were not possible to communi- 
cate these standards to others ? 


Sates oF ELECTRICITY DURING 1946-47. 


The Electricity Commissioners have now issued 
figures relating to electricity sold by authorised 
undertakings in the United Kingdom during the 
year ended March 31, 1947, in the case of English 
and Welsh municipal undertakings and during the 
year ended December 31, 1946 in the case of Eng- 
lish and Welsh company undertakings. Figures 
for the publically owned electricity undertakings in 
Scotland during the year ended May 15, 1947, are 
also given. With the reservations that are neces- 
sary Owing to these differences in dates, it may be 
recorded that the total electricity sold during 
1946-47 amounted to 35,018-5 million kWh, com- 
pared with 31,657-4 million kWh in 1945-46, an 
increase of 3,361-1 million kWh or 10-6 per cent. 
Of the 1946-47 total, 17,908-8 million kWh, or 
51-1 per cent., was for power and 75,509-6 million 
kWh, or 44-3 per cent., was for lighting, heating 
and cooking. It is significant that in 1945-46 the 
corresponding percentages were 56-5 per cent. and 
39 per cent., respectively. Of the 1946-47 total 
public authority undertakings were responsible for 
21,203-5 million kWh, or 60 per cent., and company 
electricity undertakings for the remainder. While, 
however, 49-9 per cent. of the public authorities 
sales were for lighting, heating and cooking and 
46-5 per cent. for power, in the case of the company 
undertakings, the corresponding proportions were 
36-4 per cent. and 59-3 per cent., respectively. In 
both cases the proportions represented by domestic 
sales show an increase of about 5 per cent. over 
those for the previous year. Taking the country as 
@ whole, the average revenue per kilowatt-hour sold 
was 1-121d. in 1946-47, compared with 1-128d. in 
1945-46. The revenue in the case of public authority 
undertakings, however, fell from 1-09d. to 1-078d., 
and increased from 1-192d. to 1-196d. for company 
undertakings. 





L.M.S. MOTIVE-POWER DEPARTMENT.—The first post- 
war year of the London Midland and Scottish Railway 
Company’s “ casualty league ”’ competition was con- 
cluded recently, when the Inverness motive-power dis- 
trict was placed first. The company’s 200 motive- 
power depots, 45,000 employees in the running de- 
partment, and 7,800 locomotives, are concerned in the 
competition, which is intended to encourage efficient 
locomotive maintenance by the presentation of shields 
to the ten districts which achieve the highest average 


LETTERS TO THE EDITOR. 


THE SUB-ATMOSPHERIC GAS- 
TURBINE CYCLE. 


To THE Eprror oF ENGINEERING. 


Smr,—I am very much obliged to’ Mr. B. Wood 
for his reply to my letter on the sub-atmospheric 
gas-turbine cycle, though I am inclined to think 
that he has misunderstood my original purpose, 
which was not to suggest that this cycle was to be 
recommended generally as an alternative to the 
usual super-atmospheric cycle, but to draw atten- 
tion to the fact that sub-atmospheric working per- 
mitted an extension of the expansion ratio in cases 
where the upper pressure of the turbine cycle was 
fixed—such as an open-cycle turbine making use 
of the exhaust from a given piston engine—and to 
point out that if large expansion ratios become 
worth while in the future, sub-atmospheric working 
might, perhaps, prove advantageous in certain 
cases by avoiding the necessity for high pressures 
in any part of the plant. 

I am in agreement with all that Mr. Wood writes 
in the second paragraph of his letter, and I would 
mention that I was careful to point out that the 
efficiency of an open-cycle sub-atmospheric turbine 
would be somewhat less than that of a corresponding 
super-atmospheric machine. 

Yours faithfully, 
Hawthornden, L. 


Marple, Cheshire. 
November 10, 1947. 
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ECONOMIC PRODUCTION 
STANDARDS AND THE INDUSTRIAL 
CRISIS. 


To THe Eprror or ENGINEERING. 


Smr,—With reference to the present industrial 
crisis, and particularly to the vital necessity for 
conserving such power in various forms as are 
utilised in industry and the raw materials from which 
the finished articles are manufactured, there is a 
vital matter which has not been mentioned. Briefly, 
it is the economic usage of power and materials, 
from the viewpoint of the standard of work de- 
manded, in relation to the final usage of such parts 
or assembly. 

My company manufacture a very large quantity 
of components, in various metals and of considerable 
diversity, and we state, without qualification, that 
there is a very appreciable wastage of power, 
material and administrative time, and, in fact, of 
all organisational time, due to the general setting 
of a standard of workmanship that is unnecessarily 
high. In its simpler forms, it would be, perhaps, a 
demand for a high standard of external finish on a 
completely concealed part, such as a metal part 
completely moulded into a plastic component, or, 
it may be, the concentricity of two bores within a 
tolerance of 0-0002 in. when 0-001 in. would be hard 
to justify. Its more complicated forms are such 
that one sometimes wonders whether the designer 
and detailer have ever heard of the term “ produc- 
tion engineering.” 

My company, having suffered so much from this 
inspection and drawing-office complex, and having 
been irritated to the point of exasperation by the 
continual necessity for co-relating the drawing 
offices and inspection departments of many of our 
customers, have given this matter some considerable 
thought, to try to define why this condition arises 
at a time when we are all doing our best to expedite 
production. We have come to the conclusion that 
the primary causes are that many design offices 
and inspection departments are controlled by per- 
sonnel who acquired their positions and experience 
during the war years, when the standards demanded 


has been unable to discriminate between what is, 
shall we say, an A.I.D. standard and normal com- 
mercial practice. 

It would appear that the old bogy of the indivi- 
duality of the design, inspection, and production 
department has reared its head in a new guise. 





locomotive-miles per mechanical failure. 


Surely it is time that managements realised that 
there must be collaboration between these depart- 


were, quite rightly, high, but that this personnel | pape 





ments, not only from the view of individual company 
profits, but from the national point of view of con. 
serving everything in short supply. This company’s 
output could be increased by at least 25 per cent, by 
speeding up operations, apart from the saving jn 
power, scrapped materials, tools, spare parts, ete., 
if our customers would only ensure that the demands 
of their order, in terms of economical production, 
were at a reasonable minimum instead of a reason. 
less maximum ; not only intrinsically, but also in 
relation to the functions that the components, as 
such or when assembled, are called upon to perform, 
Yours faithfully, 
ManaGine Director. 

November 6, 1947. 





THE SURVEY OF SCIENTIFIC 
MAN-POWER. 
To THE Eprror oF ENGINEERING. 

Stmr,—The views expressed in the leading article 
of the current issue of ENGINEERING, under the head. 
ing of “The Survey of Scientific Man-Power,” on 
page 445, ante, will doubtless be shared by many 
of your readers. It is now several years since an 
illustrious scientist made a remark to the effect 
that the mathematician gets nothing more out of 
analysis than he puts into it, but it would seem that 
the significance of this has not yet been grasped by 
those responsible for the Survey. It is surely Time’s 
most bitter irony that in Great Britain, of all 
countries, a naval architect only becomes popular 
when he succeeds in becoming someone else. As 
for the engineer, well, he must submit himself to 
examination by the Hollerith machine, or is it the 
“electronic brain?” Having already received 
three separate copies of the questionnaire, and 
having no desire for the fourth copy which your 
estimate makes possible, I enclose my card. 

Yours faithfully, 

London, “* ENGINEER.” 
November 12, 1947. 





OBITUARY. 


DR. E. H. SALMON. 


In his particular branch of consulting practice— 
the design of floating docks—Dr. Ernest Hinkly 
Salmon, who died on October 21, at the age of 68, 
had become almost an institution, having been for 
some years the sole partner in the firm of Messrs. 
Clark and Standfield, of 11, Victoria-street, West- 
minster. He received his schooling at East London 
College (now Queen Mary College), University of 
London, under the late Professor D. A. Low, and 
his technical education in evening classes at the 
same college, where he graduated as B.Sc. (Eng.), 
with first-class honours, in 1905. He then served 
a pupilage of three years with Mr. B. Morley 
Fletcher, A.M.I.C.E., under whom he was engaged 
on the design of the lifts for the City and South 
London Railway and on a variety of other works, 
including the Fletcher wave-motor, which was used 
to some extent for operating fog-horns. After the 
completion of his pupilage in 1898, he remained 
with Fletcher for a further five years, and then 
joined the staff of Messrs. Clark and Standfield, 
with whom he spent the rest of his professional life. 

In the 44 years of his association with the highly 
specialised floating-dock practice of Messrs. Clark 
and Standfield, Dr. Salmon was concerned with the 
design of all the important floating docks constructed 
in this country and many overseas, including the 
two 32,000-ton docks built for the British Admiralty 
in 1911-12, a 30,000-ton dock for Russia, the 
25,000-ton dock at Montreal, and the 60,000-ton 
dock at Southampton. This last-mentioned dock, 
the largest in the world, was the subject of the 
r which earned for him, in 1925, the Watt 
Medal of the Institution of Civil Engineers. Four 
years earlier, he gave a paper on “ The Machinery 
of Floating Docks ” to the Institution of Mechanical 
Engineers. Mr. Lyonel Clark, who took Dr. Salmon 
into rship in 1919, designed his first floating 
dock in 1876; so that Dr. Salmon, at his death, 
had behind him the experience of a full 70 years of 





floating-dock design. 
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SYMPOSIUM ON INTERNAL 
STRESSES. 


(Concluded from page 450.) 


Tue fourth and final session of the “ Symposium 
on Internal Stresses in Metals and Alloys,” organised 
by the Institute of Metals in association with six 
other technical bodies, was held under the chairman- 
ship of Dr. H. J. Gough, C.B., M.B.E., F.R.S., on 
the afternoon of Thursday, October 16. 


Macroscopic EFFEcTs. 


The discussion at this session was upon “ Macro- 
scopic Effects Associated with Internal Stresses ” 
and concerned six papers which were summarised 
by the rapporteur, Dr. N. P. Allen, who stated that 
the meeting had before it the question of macro 
or “ body ” stresses, as distinct from the micro or 
“textural ’ stresses dealt with that morning. Pro- 
fessor O’Neill’s paper, “‘ Internal Stresses in Railway 
Materials” contained several examples of the 
intentional use of internal stresses in railway prac- 
tice for structural purposes, and many examples of 
internal stresses arising unintentionally. It was 
noticeable that whenever trouble had arisen, such, 
for example, as fatigue cracks connecting the head 
and web of a rail, or in axles, in the neighbourhood 
of shrink fits, and ‘“‘cupid’s bow” fractures in 
wrought solid-wheel discs or fractured welds in 
tyres, it was a tensile stress that was to blame. 
Professor O’Neill also drew attention to the im- 
provement in the fatigue resistance of spring plates 
shot blasted on the tension side so as to produce 
surface compressive stresses, an improvement con- 
firmed by Mr. J. C. W. Humfrey but concerning 
which it had been stated that more should be known. 
Two papers in the section dealt with brittle frac- 
tures. The first on “The Stress System Causing 
Hard-Zone Cracking in Welded Alloy Steels” was 
by Dr. J. A. Wheeler and the second, by Messrs. 
E. H. Bucknall, W. Nicholls and L. H. Toft, was 
entitled ‘‘ Delayed Cracking in Hardened Alloy- 
Steel Plates.” Dr. Wheeler produced evidence to 
show that when an alloy steel cracked in the har- 
dened zone next to the weld, it was the strongest 
part of the metal which cracked and that the mea- 
surable macro-stresses were far below the measurable 
strength of the material. He therefore concluded 
that the micro-stresses accompanying the formation 
of martensite were the real cause of failure, and that 
the microscopic cracks resulting from these stresses 
were extended by the macro-stresses in the weld. 

The paper by Mr. Bucknall and his collaborators 
arose from the sporadic cracking in welded struc- 
tures of hardened alloy-steel plate, after consider- 
able periods of time in store. As a result of trials 
a test was devised in which a conical disc of the steel 
under examination was pressed flat against a rigid 
steel plate. After a time the discs would crack 
radially, sometimes slowly and sometimes with quite 
startling suddenness. The reason why this mode of 
cracking should be adopted was not clear but it 
appeared to provide conclusive evidence that cor- 
rosion was not involved. 

The remaining three papers in the section dealt 
with stress-corrosion cracking. Mr. F. H. Keating, 
in his paper, “‘ Chemical Manifestations of Internal 
Stress,” had given an admirable general survey of 
the phenomenon as encountered in many materials 
and clearly sympathised with the suggestion that, 
under suitable conditions, all metals and alloys were 
susceptible. The paper by Mr. W. P. Rees on the 
“ Stress-Corrosion Cracking of Steels in the Presence 
of Sulphur Compounds ”’ drew attention to a number 
of cases in which sulphuretted hydrogen, in the 
presence of moisture, had been, apparently, the 
influence at work. The third paper on stress- 
corrosion cracking was by Dr. U. R. Evans, who 
stated that the reason why surface films on metals 
were not uniformly protective was often that they 
cracked and peeled off. Arguing that this cracking 
must be due to stresses in the film, the author pro- 
ceeded to study the stresses in the films by stripping 
them from the metal and observing the manner in 
which they wrinkled and curled. Briefly, they 
wrinkled when they were thick and curled when 
they were thin. Turning to methods of avoiding 
stress-corrosion cracking, Dr. Evans favoured total 








stress relief or the introduction of surface com- 
pressive stress by shot peening and similar processes. 
He drew attention to the possibilities of sacrificial 
zinc coatings and zinc polystyrene paints in improv- 
ing the resistance of steel to corrosion fatigue and 
thought that similar measures might be effective 
against stress-corrosion cracking. 

In the course of the discussion, Dr. F. A. Cham- 
pion stated that there was often confusion between 
stress corrosion in aluminium alloys and inter- 
crystalline corrosion, which could occur in the 
absence of stress. There were some aluminium 
alloys which were susceptible to intercrystalline 
corrosion, but there appeared to be very few which 
were susceptible to stress corrosion. Mr. C. A. 
Kershaw, who spoke next, said that he still believed 
that the major factor in the hard-zone cracking of 
alloy steels after welding was due to the austenite- 
martensite transformation. The speed of this trans- 
formation depended upon the steel and this was 
probably the reason why some steels were more 
prone to cracking than others. The next speaker, 
Mr. L. Reeve, stated that he fully agreed with the 
broad position laid down by both Dr. Wheeler and 
Mr. R. Weck that external restraint was an essential 
factor in the production of cracks. Recent work on 
the cracking of a low-alloy nickel-chromium-molyb- 
denum steel, carried out for the British Welding 
Research Association Committee, strongly sup- 
ported the mechanism, suggested by Dr. Wheeler, 
of the extension of micro-cracks into major cracks 
under the influence of the main welding stresses. 

Mr. L. Rotherham stated that no reference had 
been made so far to the cracking of carbon-molyb- 
denum steel pipes in service, which seemed to be a 
clear example of failure due to internal stress in the 
pipes or the material. This type of failure was 
intercrystalline ; it was generally of the creep type 
and was almost invariably associated with some 
maltreatment of the pipe either during installation 
or fabrication. A subsequent speaker, Mr. R. 
Chadwick, drew attention to the remarkable 
resistance to intercrystalline corrosion and stress 
corrosion of commercial aluminium-zinc-magne- 
sium alloys containing minor elements, such as 
copper and chromium, in small proportions. In the 
fully age-hardened condition, these alloys had 
tensile strengths of about 40 tons per sq. in., with 
proof-stress values of up to 35 tons per square inch. 
It was possible to load these alloys to stresses of 
30 tons per square inch, and to maintain this stress 
for long periods, even in the presence of aggressive 
corroding media. 

Mr. W. P. Rees said that the occurrence of trans- 
granular cracking in stress corrosion was much more 
common than was believed, especially in the case of 
steels. Welded coal-gas mains and mild-steel 
cylinders which had been used for containing 
compressed coal gas had been examined in their 
laboratory. In both cases cracks had occurred, and 
the cracks were of the type which were called stress 
corrosion cracks. In the case of the welded mild- 
steel gas mains, however, the cracks were entirely 
intergranular, as mentioned by Mr. Evans. On the 
other hand, in the case of the compressed coal-gas 
cylinder, the cracks were definitely transgranular. 
The difference between them, assuming that the 
corroding agent was the same in the two cases— 
they were both exposed to coal gas—was that the 
operative stresses in the case of the welded con- 
struction were almost entirely internal stresses, 
namely, residual stresses left after welding. In the 
case of the coal-gas cylinders, on the other hand, 
they were almost entirely externally-applied stresses. 
He could not recall any case of transgranular 
cracking that had occurred under stress-corrosion 
conditions in which some of the stress, at least, and 
probably the greater part of it, had not been 
externally applied. In a brief final statement, 
Mr. R. Weck said that he had no evidence which 
indicated that residual stresses, introduced by 
welding, could produce spontaneous brittle fracture. 
There was no laboratory evidence to support this. 

In a short final speech, Dr. Gough thanked the 
authors of all the papers presented, the rapporteurs, 
those who had taken part in the discussions, and 
also the Council of the Institution of Mechanical 
Engineers for the accommodation they had kindly 
afforded for the meeting. 





RAILWAY LOCOMOTIVES. 


During the past year, the four main-line 
railway companies have announced their in- 
tention of undertaking trials with Diesel-electric 
or gas-turbine locomotives for heavy main-line 
work. The Great Western Railway Company have 
placed orders with Messrs. British Brown Boveri, 
Limited, and Messrs. Metropolitan-Vickers Electrical 
Company, Limited, for the construction of two 
oil-burning gas-turbine locomotives, and the three 
other companies have ordered Diesel-electrio loco- 
motives. Although it will probably be some years 
before these experiments reach the stage where they 
can provide a reliable basis for formulating future 
policy, their significance is at once apparent and 
considerable. In an unpropitious atmosphere of im- 
pending nationalisation and with formidable arrears 
of maintenance to be worked off, British railways 
have taken a progressive, but long-awaited, step in 
considering forms of motive power alternative to 
the reciprocating steam engine for hauling main- 
line traffic. It is true that electrification has been 
eminently successful in certain spheres, and in- 
deed, is being extended; that Diesel-electric loco- 
motives are a proved success for shunting work ; 
and that experiments have been made with alter- 
native types of steam engines and refinements 
of existing types. In the past, however, these 
innovations, far from ousting the simple recipro- 
cating steam locomotive, have been interpreted as 
a confirmation of its superiority for the majority 
of traffic requirements, in point of economy, flexi- 
bility and reliability. The proposed trials suggest 
a change of outlook, which probably would have 
occurred a few years ago but for the war, and it is 
therefore an opportune time to consider the impli- 
cations of the change. The companies’ announce- 
ments have emphasised the expected saving in coal, 
which, however, is only one factor—though an im- 
portant one—in a complex problem, the significance 
of which is essentially in their long-term character. 

The most recent and comprehensive survey of 
the present position of the various forms of motive 
power for railways is contained in the series of 
papers on “ Railway Power Plant,” which were 
presented before the Institution of Mechanical 
Engineers, on Thursday, June 12, 1947, during the 
week of the Institution’s centenary celebrations. 
The chief mechanical engineers of the four main-line 
railways of this country prepared short, separate 
statements ; Mr. L. Armand, of the French National 
Railways, reviewed locomotive developments on 
the Continent ; and Mr. P. W. Kiefer, of the New 
York Central system, presented the United States 
point of view. The two largest British railways— 
the London Midland and Scottish, and the London 
and North Eastern—adopted generally similar atti- 
tudes. They would have eight or ten standard types 
of steam locomotive, which would be improved in 
detail design from time to time. Rather than 
introduce complications they would prefer to make 
a clean break to another form of motive power, 
and these views have been substantiated by the 
recent Diesel-electric proposals. There was no 
reference to the L.M.S. steam-turbine locomotive, 
which was introduced in 1935. Mr. Armand, in 
France, had reached substantially the same conclu- 
sions, after considering numerous experimental types 
constructed in Europe between the wars. He noted 
that “‘ European experience, first in Germany and 
more recently in France, has placed on record the 
important fact that the complexities of special 
(steam) locomotive types nullify the advantages to 
be gained from them, and that simplicity is a great 
virtue in locomotives. It is this simplicity of 
construction and of operation which is the chief 
defence of the normal locomotive against compe- 
tition from other forms of motive power.” He also 
teferred to the progress that has been made on the 
Continent in the design of electric locomotives, and, 
very briefly, to the French trials in 1946 of a Brown- 
Boveri gas-turbine locomotive. 

To return to the paper on British railways, the 
design of steam locomotives on the Southern Rail- 
way had been restricted, to some extent, by the 
expanding suburban electrification in and around 
London, which rendered a considerable proportion of 
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their steam engines redundant. Concurrently, it 
was necessary to dovetail steam-worked trains into 
the electrified traffic. These special conditions, 
demanding availability comparable with that of 
electric stock, have led the Chief Mechanical Engi- 
neer, Mr. O. V. 8S. Bulleid, M.I.Mech.E., to design 
a novel form of tank locomotive, of which only 
a few details are available at present. It would 
appear to be the only proposal in this country, or 
in Europe, to construct another unconventional 
steam locomotive. The Great Western Railway 
summary presented what was, perhaps, the tidiest 
picture: an admirable policy of standardisation 
on sound principles of design, enunciated by 
Churchward in 1902 and persisting in the com- 
pany’s latest designs; and now the decision to 
try gas-turbine locomotives. Mr. Kiefer, of the 
New York Central Railroad, essayed a comparison 
between the various forms of motive power, on 
the basis of their known or estimated charac- 
teristics. He considered that the order of merit 
in respect of both availability and “‘ overall per- 
formance efficiency” (a term which is wider in 
scope than thermal efficiency, and appears to 
include the degree of utilisation of the locomotive 
in service, and its annual mileage) was electric, 
gas-turbine, Diesel-electric, steam-turbine, and reci- 
procating steam. In respect of thermal efficiency 
at the drawbar, the order of merit was Diesel-electric 
(22 per cent.), electric (17 per cent.), gas-turbine 
with electric drive and burning pulverised coal 
(16 per cent.), steam turbine with electric drive and 
burning pulverised coal (10 per cent.), and recipro- 
cating steam (6 per cent.). Mr. Kiefer also con- 
sidered “‘ capacity for work ” (or reserve of power), 
and, finally, ‘‘ overall costs of ownership and usage,” 
for which he gave the order—Diesel-electric or 
reciprocating steam, followed by electric, leaving 
gas and steam turbines out because of insufficient 
data. 

There have been advocates of Diesel-electric loco- 
motives for British main-line service for some years, 
and they have been able to refer to the railroads of 
the United States for support. The growth there 
certainly has been rapid, and some statistics in this 
connection have been given by Mr. J. I. Yellott and 
Mr. C. F. Kottcamp in a recent paper, of which we 
give an abridged version on page 319, ante. Of 
the Jocomotives ordered by American railroads 
during 1946, 94 per cent. were Diesel-electric. The 
apparent rapid decline of the steam locomotive is 
tempered, however, by its longevity, as is shown by 
the fact that, on November 1, 1946, “‘ almost half of 
the steam locomotives of the United States were 
more than thirty years old, and another 30 per 
cent. were approaching the quarter-century mark ” 
—two facts which might well be cited to critics 
of the railways of this country. The authors 
of the paper consider Diesel-electric locomotives 
in relation to the dwindling reserves of fuel oil 
in the United States; their primary concern, how- 
ever, is with the development of coal-burning 
gas-turbine locomotives, which they regard as the 
best hope for future motive power. There are 
ample reserves of coal in the United States, whereas 
“it is likely that the cost of Diesel fuel will increase 
to a very marked extent before the useful lives of 
many of these new (Diesel-electric) locomotives have 
ended.” Fuel oil could be synthesised from coal, 
but they consider that it will be more economical to 
burn the coal directly in a gas-turbine locomotive, 
for which they anticipate an efficiency of about 
20 per cent. The authors advance several arguments 
in favour of the gas turbine for locomotives, the 
most novel, perhaps, being related to overall train 
efficiency, which would be comparatively high be- 
cause of the convenient use of waste heat from the 
turbine for train services. The credit side of the 
account for gas turbines is well stated, but little or 
nothing is said of the debit side, which will be 
revealed only when several coal-burning gas-tur- 
bine locomotives have been in service forsome time. 

The papers which have been referred to will be 
studied with interest by locomotive engineers, but 
they can be little more than food for thought in 
relation to the consideration of the future motive- 
power policy for British railways. The papers by 
the British chief mechanical engineers referred to 





limited statements were made regarding the future’ 
This was also the case with Mr. Armand’s paper 
on Continental railways. The two papers from the 
United States are concerned almost exclusively 
with an attempt to predict future developments, 
but they cannot be taken too literally ; still less 
can they be adduced in any consideration of British 
motive-power problems. While the expected 
efficiency (16 or 20 per cent.) of a coal-burning 
gas-turbine locomotive may well be realised, the 
ultimate choice between different forms of motive 
power for British railways can only be based on 
actual trials in service on British lines. Even 
then, the data furnished by a few locomotives of 
each type will have to be translated into terms 
of hundreds, or even thousands of engines. Sir 
William Stanier, F.R.S., posed the issue in his 
presidential address* to the Institution of Mechani- 
cal Engineers in 1941. He said: ‘“‘. . . from now 
onwards each forward step (in the development of 
steam locomotives) will not only be more difficult 
to obtain mechanically, but its cost is likely to be 
high enough to make a very close estimate of the 
saving essential. For this reason, more exact 
experiments are necessary ...” Later, in the 
same address, he said: ‘‘ The problem will eventu- 
ally be a choice between further improvement in 
steam, or its gradual supersession by other forms of 
motive power; and in this connection exceptional 
judgment will be called for in directing the motive- 
power policy of our railways in the future.” The 
announcements by the four main-line railways 
suggest that the time for decision is approaching. 
The comparatively limited trials with new types 
of locomotives, which have been made in the past 
by the chief mechanical engineers of the home 
railways, and the constant emphasis on the import- 
ance of standardisation, have led critics to condemn 
the apparent lack ofenterprise. Usually, the United 
States railroads have been taken as the yard-stick 
for purposes of comparison. The comparison is 
difficult to justify, however, and even more difficult 
to make equitably. The two systems have evolved 
in different circumstances to suit different needs, 
and an examination of the numerous factors in 
each case would necessarily embrace much more 
than the purely engineering factors. So far as 
locomotive development in this country may be 
appraised on its own merits, however, it is surely 
true to say that the chief mechanical engineers 
have provided economical motive power. The 
economy has been achieved partly by almost uni- 
versal adherence to the conventional steam loco- 
motive. A multiplicity of forms of motive power 
—no matter what increases in intrinsic efficiency 
are achieved by the modern forms—is wasteful, so 
long as it leads to a multiplicity of capital equip- 
ment and trained staff. The possible introduction 
or extension of new forms of motive power, however, 
may well lead to a profound change in what might 
be called the environment of locomotive develop- 
ment. In particular, it seems likely that the 
responsibility for design and construction of the 
engine proper (that is, excluding the chassis) would 
pass from the chief mechanical engineer to the 
private builders—whether of electric, Diesel-elec- 
tric, or gas-turbine plant. The railways are neither 
staffed nor equipped to undertake such work, they 
did not do it in the past when Diesel-electric shunt- 
ing locomotives, electric locomotives, or the L.M.S. 
“«Turbomotive ” were built; and in Switzerland, 
for example, it is customary for two or three 
specialist firms to co-operate in building the newer 
types of locomotives. It is difficult to say whether 
such a change would, on balance, be of benefit to 
the railways. In the matter of building loco- 
motives for the railways of this country there 
has not been much real competition in the past, 
but when several private builders are allowed 
to compete in excellence of design and cost the 
result may well be very healthy—especially for 
the nationalised railways. It should also be 
advantageous to the private builders, by offering 
them a home market for products similar to those 
they wish to export. Whereas the private builders 
of steam locomotives have generally undertaken 
design and construction of locomotives for overseas, 





* ENGINEERING, vol. 152, pages 357 and 376 (1941). 
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and construction only for home railways, and haye 
therefore had little’ opportunity of following 
design with tests and observations in service, the 
builders of the newer forms of power plants will 
have more direct access to the results of tests on 
their products in service on British railways. 

The hypothetical curve relating the results of 
steam locomotive development and research to 
the costs of introducing them, or the time required 
is flattening out, as Sir William Stanier noted, 
but the curves for newer types of motive power ane 
steeper and the possibilities of development corre. 
spondingly greater. In addition, few engineers 
outside the railways or associated industries are 
paying any attention to the development of the 
steam reciprocating engine, but much is hej 
spent on electrical, Diesel, and gas-turbine plants 
in other fields, which should have beneficial effects 
on locomotive applications. Moreover, the steam 
locomotive is difficult to test accurately, even with 
adequate test plant, but the new alternatives lend 
themselves to laboratory and bench tests. 

Standardisation is a factor which demands 
attention in any consideration of improvements 
to motive power. It has had considerable influence 
on the policies of the chief mechanical engineers 
of this country, and the degree of importance 
attached to it was, and is, a natural outcome 
of the amalgamations of British railways nearly 
25 yearsago. The four main-line railways inherited, 
in varying degree, multifarious collections of loco. 
motives, and it is not surprising, in view of the long 
life of the steam engine, that standardisation of 
types should still be a matter of first importance. 
That it is so is shown by the frequent references to 
it in the paper by the four British chief mechanical 
engineers, to which reference has already been 
made. In Mr. Kiefer’s paper, on the other hand, 
there is not a single reference to standardisation on 
United States railroads. Under nationalisation, 
further standardisations will doubtless be pressed, 
but it is to be hoped that locomotive development 
and research will not lag thereby, but become more 
virile by the advent of new forms of motive power, 
the competitive influence of private builders, and 
the demands of an imaginative railway adminis- 
tration. 

Even if a decision to change completely to 
another form or forms of motive power were taken 
to-morrow, however, little change would be apparent 
to the public for many years. Steam locomotives 
would continue to haul the bulk of the traffic for 
perhaps ZO or 30 years. In the meantime che rail- 
ways have to pay their way. At the present time 
they are faced with more demands for their services 
and more arrears of maintenance than they can 
conveniently meet, but in the long run—and 
that is the only way to regard the motive-power 
problem—they must seek to retain the goodwill 
of their customers. That is a factor which is 
difficult to gauge, but its importance could hardly 
be over-estimated. The steam locomotive may 
still be the most economical form of motive power, 
but if it gave rise, indirectly, to a loss of revenue, 
because the customers, comparing British railways 
with others, rightly or wrongly regarded the steam 
engine as obsolete and unnecessarily dirty, then its 
continuance would be less easily justified. It is 
true that the majority of customers are generally 
obliged to use the railway for travel or transport 
because they have no alternative, and that from an 
engineering point of view what is good for the 
Southern Railway, or Switzerland, or the United 
States, may not be good for all United Kingdom 
railways, but public opinion, however uninformed, 
cannot be ignored altogether. 





SPEED REGULATOR FOR PROPELLER FANs.—A 
speed regulator for alternating-current propeller fans, 
which is manufactured by their associate company, 
Messrs. Woods of Colchester, Limited, is being marketed 
by the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2. This regulator is 
made in two types—series-choke for small fans and auto- 
transformer for large fans. Each type gives a down- 
ward speed regulation of 30 or 40 per cent., with either 
four or five running speeds. As the heat loss is less than 
with resistance-type regulators, the size is small, thus 
facilitating installation. The regulators are totally 
enclosed, except for small ventilating slots. 
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. THE INSTITUTION OF 
MECHANICAL ENGINEERS : 
PRESIDENTIAL ADDRESS.* 


By Lorp DupLey Gorpon, D.8.0. 


TE great founders of the engineering industry were 
fortunate in living when the enterprise of individuals, 
even though it might be profitable to themselves, was 
recognised as being essential to the national welfare 
instead of being regarded with political disfavour. 
Engineering is the great constructive profession, and 
the great steps in its progress have been taken by 
exceptional men who by “ drawing correct conclusions 
from insufficient premises ”’—in other words, by guess- 
ing wisely—and then daring to risk their reputations 
and their fortunes in putting their ideas to the test, 
have achieved results afterwards to be explained in 
detail by the theorists. They used, of course, all the 
scientific knowledge they possessed, much or little, 
but their unformulated wisdom, known as intuition, and 
above all their enterprise in using it, was most fre- 
quently the cause of their success. Deplorable as it 
may seem to the academic mind, it has to be admitted 
that industrial practice has often run well ahead of 
theory. These facts do not, of course, suggest for a 
moment that scientific knowledge is not of primary 
importance to engineers, or that they can ever have 
too much of it. Scientific knowledge is ultimately 
the essence distilled from observed facts and presented 
in such a form as to be available for future guidance. 
No engineer in his senses would despise the assistance 
it gives him, but it must be carefully distinguished 
from the theories, current at any time, that are merely 
working hypotheses liable to be proved wrong in the 
light of further knowledge. One of the lessons of 
engineering history is that great advances have come 
about by the enterprise of individuals in attempting 
desirable objects without waiting for others to agree 
that they were practicable. 

Properly to appreciate the progress in the manufac- 
ture of iron and steel since the Institution was founded, 
one has to realise the state of the industry a hundred 
years ago. It is difficult to visualise conditions in 
which engineers had to do their work without any such 
material as mild steel. The only kind of steel then 
existing was a high-carbon metal made in small quan- 
tities by carburising wrought-iron bars, and used for 
the manufacture of cutting tools, springs, and dies. 
Cast iron formed the basis of engineering structures 
and machinery. The only alternative metal was 
wrought iron, made a little bit at a time by the laborious 
process of puddling, and then built up into larger masses 
by welding. Even after mild steel had been made 
available by the efforts of Bessemer and Siemens, 
powerfully supported by the advocacy and example 
of Whitworth, the use of wrought iron continued for a 
long time. It was cheaper, weight for weight, than 
steel, though not necessarily more economical, and its 
life was extended for many years by the conservatism 
of the authorities, who made it impossible for steel to 
be used for ships or bridges until long after it was in 
general employment for rails, axles, and boiler flues. 

Considering first some of the contributions of our 
members to blast-furnace practice, we find in 1849 a 
description by B. Gibbons of his method of raising ore, 
coke, and limestone to the top of the furnace. He 
was employing a sort of pneumatic lift, working on the 
principle of a lofty gasholder, which was caused to 
ascend by admitting the blast air at a pressure of 2-33 Ib. 
per square inch to its interior. It was capable of 
raising 2-ton loads to a height of 44 ft. 6 in. in 50 seconds. 
Mere magnitude seems never to have deterred the 
engineers of those days, so long as they could attain 
their ends. Their enterprise with regard to the size 
of some of the machinery employed in ironworks about 
this time is illustrated by a blowing engine erected at 
Dowlais in 1851 by William Menelaus, who served 
later on the Council of the Institution. This was a 
beam engine with a blowing cylinder, 12 ft. in diameter 
and of 12 ft. stroke, at one end of the 40 ft. beam, 
driven by a steam cylinder 55 in. in diameter and of 
13 ft. stroke at the otherend. The whole engine, which 
developed 650 h.p. at 20 r.p.m., with steam at 60 Ib. 
pressure, weighed about 300 tons. It was still working 
when the Institution visited Cardiff in 1906. 

Archibald Slate, honorary secretary of the Institution 
at its foundation in 1847, improved blowing engines 
by the introduction of positively-driven air valves in 
1850. Prior to this time the inlet and outlet of the 
air was always controlled by leather-faced flap valves. 
Daniel Adamson made a further improvement in 1859 
by using piston valves to control the air, which served 
until they were replaced many years later by light 
valves of sheet metal, working automatically. Blowing 
engines, however, remained enormous things until 
Sir Charles Parsons made a revolutionary advance in 
practice by his invention of the small and compact 





* Delivered at a meeting of the Institution held in 
London, on October 24, 1947. Abridged. 





turbo-blower. Its first application to blast-furnace 
duties was made in 1902, when a turbo-blower, running 
at 5,200 r.p.m., was put into service at the works of the 
Farnley Iron Company, Leeds. Two years later, 


Parsons made a further great contribution to blast- | f 


furnace practice with his turbo-exhausters. Their 
function was to draw the blast-furnace gases through the 
ammonia-recovery plants and to deliver them under 
slight pressure to the boiler furnaces. The improve- 
ment over the old slow-speed machines of the drum 
type which they replaced, and which gave endless 
trouble owing to the presence of tar in the gases, will 
be evident from the fact that, in 1907, four turbo- 
exhausters were doing the work that had previously 
required twelve machines of the former type, the drums 
alone of which weighed more than 100 tons. 

One of the greatest steps ever taken in connection 
with blast-furnace work was the introduction of the 
Cowper stove, which was described by its inventor, 
E. A. Cowper, in 1860. Hot blast was first employed 
by J. B. Neilson in 1829, and had proved to be so 
beneficial that, 30 years later, blast temperatures had 
risen to 800 deg. F. which was the limit imposed by 
the cast-iron stoves of the day. The effect of such a 
temperature was to increase the output of a furnace 
of given size to four times as much as was possible with 
a cold blast When Mr. Marten read a paper on the 
subject in 1859, 90 per cent. of the iron in the country 
was being made by the hot-blast process. Neverthe- 
less, so conservative were the Government departments 
that, in the very same year, an Admiralty committee 
recommended that hot-blast iron should be prohibited 
for marine engines. 

When Cowper read his paper in the following year, 
he was able to refer to regenerative stoves of his design 
producing a blast temperature of 1,300 deg. F., or more, 
at the Ormesby Iron Works. These stoves, like the 
ordinary cast-iron ones then used, were coal-fired, but 
other stoves were already being built to his designs for 
firing by means of the waste gases of the furnaces 
they served. In these developments Cowper received 
invaluable assistance from the enterprise of Charles 
Cochrane, who had installed the first experimental 
Cowper stoves, and was actively engaged at the time 
in devising means for drawing-off and utilising the gases, 
which then were almost universally allowed to burn 
uselessly at the top of the blast-furnaces. Cochrane 
described his method for the recovery of these gases in 
1860, and, during the next 30 years, contributed no 
less than eight additional papers dealing with various 
improvements in blast-furnace practice. A typical 
example of his enterprise was his installation of a 
Parsons turbo-generator to provide electric light in 
the Ormesby Iron Works in 1888, before any such 
machine had heen employed in any public power station. 

In 1853, J. D. M. Stirling described a method of 
raising the strength of cast iron from the current 
figure of 7 tons to 11-5 tons per square inch by laying 
pieces of wrought iron in the moulds where the pigs were 
cast. The compound pigs thus made were broken up 
and melted in the cupola in the ordinary way. Another 
device of the period was that of E. J. Payne, who sought 
to economise iron by using hollow billets into which 
sand had been rammed. When these were rolled down 
they produced bars with a vitreous core, which were 
said to be stiffer than bars of solid iron. Thomas Dodds 
had obtained highly satisfactory results in another 
direction by case-hardening the tops of the wrought- 
iron railway rails of the day, which mitigated the 
excessive wear under arduous conditions of service. 
In 1857, he had replaced steel cutting tools and files 
in his own works by corresponding articles made of 
wrought iron and case-hardened. 

The first outstanding advance in metallurgical 
practice since the Institution was founded was un- 
doubtedly the invention of the regenerative furnace 
by the brothers Frederick and William Siemens. In 
the earliest form, as described by Sir William Siemens in 
1857, the heating chamber for the metal was situated 
between two coal-fired hearths which were brought 
into action alternately. The working fire was supplied 
with hot combustion air from a brickwork regenerator 
previously heated by the waste gases from the other 
fire, while its own waste gases were employed in heating 
up the other regenerator in readiness for the next 
change-over. The system of regeneration of heat 
reduced the fuel consumption of a furnace to a quarter 
of that previously required for the same work. Even 
so, however, there was still waste owing to the inevitable 
consumption of the fuel on the temporarily idle hearth. 
Siemens overcame this difficulty shortly afterwards by 
firing the furnace with gas, and he described the 
producer he had invented for the purpose in 1862. 

After the regenerative furnace, the next great inven- 
tion to be brought before the Institution by one of its 
members was the Bessemer process of steel making. 
Sir Henry Bessemer, in 1861, described his process 
for converting pig iron directly into mild steel by 
blowing air through it. His first patent for decarburis- 
ing m-lten pig iron in this way was taken out in 1855, 
the sume year that Mushet patented controlled recar- 





burisation by the addition of spiegeleisen—an improve- 
ment that made the Bessemer process a complete 
success. Unfortunately for himself, Mushet allowed 
his patent to lapse by omitting to pay its renewal 
ees. Bessemer, however, made generous acknow- 
ledgement of the benefit he had derived from Mushet’s 
invention by granting him an annuity for life. Besse- 
mer stated that he had been led to devise his process 
by the desire to produce a better metal for the manu- 
facture of ordnance, and he exhibited at the meeting 
an 18-pounder steel gun which had been finished ready 
for boring within eight hours from the time the original 
cast-iron had been run out of the furnace. His process 
had then been employed in Sheffield for two years, 
and Bessemer steel had already begun to replace iron 
for boiler plates, locomotive fireboxes, and rails. 
gPulverised coal as a fuel for metallurgical furnaces 
was brought to the notice of the Institution in 1869 by 
T. R. Crampton, who had applied it with most satis- 
factory results to the firing of a pair of reverberatory 
furnaces. With the new method of firing, work that 
had previously taken 12 hours was being done in 5} 
hours by the same men, and with a consumption of 
only 194 cwt. of pulverised coal, as compared with 
30 cwt. of large coal. Some seven years later, in 1876, 
Crampton returned to the question of pulverised coal 
with a description of his mechanical puddling furnace, 
which had then been in successful use at Woolwich 
for more than two years. Many schemes for mechani- 
cal puddling by means of revolving furnaces had already 
been tried, but never with much success. The use of 
pulverised fuel simplified the problem to a great extent, 
and enabled Crampton to use a completely water- 
jacketed rotating furnace, which solved the practical 
difficulties that had baffied previous inventors. 

The production of sound ingots was the next problem 
to be faced. Bessemer had patented the scheme of 
expelling the gases by compressing the molten ingots 
in 1856, and the idea was taken up energetically by Sir 
Joseph Whitworth, to whose enterprise its exploitation 
in a practical manner is almost entirely due. Whit- 
worth described his process in 1875. He caused the 
molten ingots to solidify under a hydraulic pressure 
of 6 tons to 8 tons per square inch which served both 
to expel the gases from the steel and to prevent piping, 
both of which had been the cause of much trouble. 
By this method he was producing flawless ingots for 
the large steel guns he was constructing for foreign 
nations, and which he was trying to convince our own 
Government were superior to the cast-iron muzzle- 
loading weapons then being made for the Services at 
Woolwich. The country and the steel industry owe 
much to Whitworth for his tireless, and eventually suc- 
cessful, efforts to establish confidence in the use of steel. 

A century ago, metallurgical knowledge was purely 
empirical. It was known, of course, that the nature of 
iron depended in some way on its carbon content, and 
that wrought iron could be converted by the process of 
cementation into a steel capable of being hardened. 
Scientific knowledge hardly went farther than this. 
One of the early mysteries concerning wrought iron 
was the cause of its becoming crystalline and brittle in 
service. In an attempt to elucidate the question, 
Archibald Slate had already constructed a fatigue- 
testing machine to ascertain the endurance of iron 
when submitted to an alternating stress superposed on 
a constant tensional load. He had subjected a test 
piece to conditions estimated to represent the reversals 
of stress undergone by a railway axle during a life of 
90 years, but as the metal seemed to have been in no 
way impaired by the treatment, matters were not 
greatly advanced tnereby. In 1861, T. E. Vickers 
gave the results of a series of experiments made to 
determine the relationship between the carbon content 
of steel and its tensile strength. He called attention 
to the effect of the length of the test piece on tensile 
tests, a fact which had been recognised by Whitworth, 
who had standardised test pieces of } sq. in. in cross- 
section and 2 in. between the gauge points, for his own 
purposes. Vickers also discovered that the specific 
gravity of steel was lessened by every increase in its 
carbon content. 

In 1879, when the Institution established a Standing 
Research Committee to advise upon and superintend 
corporate research work for the benefit of the whole 
profession, one of the first sub-committees appointed 
was charged with the duty of investigating the causes 
underlying the hardening of steel. The chairman of 
the sub-committee was Sir William Anderson, and its 
members included Sir William Roberts-Austen, Sir 
Frederick Abel, Professor David Hugnes, and the 
Russian metallurgist, D. Chernoff. The latter, who 
had already discovered the recalescence points of steel, 
held the view that hardening was caused by the con- 
servation of latent heat when the steel was cooled 
quickly. Another theory of the time was that hardness 
was due to the carbon being converted into diamond. 
The committee’s first report seemed to favour the belief 
of Sir William Anderson, that hardening and softening 
resulted from the expulsion and infiltration of gases 
from the atmosphere, and they decided to test this by 
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experiment. The theory was definitely disproved by 
Roberts-Austen in 1881, and next year the committee 
had to report that they were “ as much as ever in the 
dark as to the actual causes of the hardening of steel.” 
By 1883, however, experiments by Abel and Hughes 
convinced the committee that there was a form of iron 
carbide in hot steel that could be rendered permanent 
by sudden quenching, and, by 1885, they announced its 
nature, and brought their work to an end. 

The Alloys Research Committee was appointed in 
1889 under the direction of Sir William Roberts-Austen. 
Their first object was to investigate the properties of 
alloys of the non-ferrous metals, but steel also soon 
claimed their attention. The sixth report, presented 
in 1904, dealt in an exhaustive manner with the heat 
treatment of carbon steels. Hardening was stated 
definitely to be the result of allotropic changes, and the 
progress of metallurgical science—or at least, of its 
nomenclature—will be evident from the presence of 
such terms as «, 8, and y iron, ferrite, cementite, pear- 
lite, austenite, and martensite in the vocabulary of 
engineers of the time. The seventh report, two years 
later, gave the results of an equally elaborate investiga- 
tion of a series of iron-nickel-manganese-carbon alloys 
by Sir Harold Carpenter, Sir Robert Hadfield, and 
P. Longmuir, who dealt with the electrical and mag- 
netic properties of the alloys in addition to their 
behaviour under mechanical tests. 

Since it is a primary function of iron and steel to resist 
deformation and fracture, their strength has always 
been a matter of great concern to the engineer. Under 
the heading of ‘‘ Testing and Strength of Materials,” in 
the subject index of our Proceedings, there are almost 
exactly 200 separate contributions, but the earliest 
of them did not appear until 1878. Tbis was a paper 
describing experiments on the strength of boilers. 
Four years then elapsed before the next, a description 
of his new single-lever testing machines by J. H. Wick- 
steed. Wicksteed was a leading maker of testing 
machines, and returned to the subject in 1886 with an 
account of his autographic recorder for drawing stress- 
strain curves of the specimen under test. The total 
number of papers concerned directly with testing only 
amounted to nine at the close of the last century. 
One can discern a rough sequence in the interest attach- 
ing to particular kinds of investigation. Taking the 
first half-dozen papers in each of five —— sub- 
divisions, and noting the average date of the papers 
constituting each set, we obtain the following dates : 
impact testing, 1911; hardness testing, 1918; photo- 
elastic testing, 1923; fatigue testing, 1933; and creep 
testing, 1937. 

The introduction of impact testing, in its scientific 
form, was due mainly to the work of the late E. G. 
Izod, who devised the test in which the energy absorbed 
in breaking a notched test piece by a single blow is 
taken as a quantitative inverse measure of the brittle- 
ness of the metal. For the elucidation of the qualities 
summarised by the term “hardness,” and for the 
means of determining them, engineers are greatly 
indebted to the work of the Hardness Research. Com- 
mittee appointed by the Institution. Their report, 
issued in 1916, and the announcement, next year, that 
Sir Robert Hadfield had provided funds for a prize to 
be awarded annually during the following five years 
for the best novel method of measuring hardness, greatly 
stimulated interest in this form of testing. This 
interest led to numerous papers and, in particular, to 
the invention by R. L. Smith of the diamond-pyramid 
instrument. Photo-elastic testing was devised and 
perfected by the late Professor E. G. Coker. He 
read eight papers on the subject, in addition to 
his Thomas Hawksley Lecture in 1926. The latest 
fields of research involving special methods of testing 
have generally been concerned, with the resistance of 
metals to fatigue and creep. 

From a discussion on a paper by Wicksteed in 1906, 
it appears that a testing machine for iron ship cables 
was oeing used in South Wales as early as 1816. 
Another, on almost modern lines, with a capacity of 
130 tons, and equipped with hydraulic straining gear 
and lever measurement, was put to work there in 1829. 
The statement that wrought-iron bars with an ultimate 
strength of 28 tons to 30 tons per square inch (measured 
on the original section) were being made in South Wales 
in those days would seem incredible, had it not been 
confirmed by so high an authority as Sir William White, 
from his own experience of the strength of some of the 
early iron armour plates. In 1849, Eaton Hodgkinson 
published stress-strain curves for cast iron in tension 
and compression. Fairbairn, Robert Stephenson, and 
other leading engineers of those days were equally con- 
versant with the general properties of iron, and Stephen- 
son was certainly acquainted with the microscopical 
examination of its structure. Whitworth used a 
hydraulic machine for making tensile tests, employing 
standardised test pieces, and calculating the stresses 
from the pressure of the water. Archibald Slate was 


making fatigue tests by 1850, more than 20 years before 
the better-known work of Wéhler in Germany. 
(To be continued.) 





LABOUR NOTES. 


Tr is understood that the trade unions which have 
members employed in the spinning and manufacturing 
sections of the cotton industry have agreed to work 
longer hours in order to increase production for export. 
The additional hours worked are to be paid for at 
overtime rates. It is believed that the unions are not 
prepared to resume Saturday working, and that the 
extra time will consist of a half-hour on each day of the 
five-day week. 





The claims of the Union of Post Office Workers for 
increases of wages were again discussed last week 
with the Postmaster-General. It was stated after the 
later of two conferences—they lasted for more than 
one day—that Mr. Paling had offered increases repre- 
senting a total of 5,000,000/.a year, and had undertaken, 
if the union accepted the proposals, to give effect 
to the changes as yn October 1. Delegate meetings 
of the union have been called by the executive to 
consider the matter on November 27 and 28. The 
principal claims of the union were for an increase on 
the minimum rates of adult workers, and a re-adjust- 
ment of the scale of increments to ensure that minimum 
rates were reached at the age of 21. The Post Office 
employees affected include postmen, sorters, telephone 
operators, counter clerks, and others in the operative 
grades. The estimated annual cost of the full claims 
was about 12,000,0001. 





Under an amended Order issued by the Minister of 
Labour and National Service, dealing with the arrange- 
meats for staggered working hours, a working day of 
103 hours is authorised in factories where not more 
than five days a week are worked. Where working 
days do not exceed four a week, an 11-hour day may 
be worked. Juveniles under 16 may not work longer 
than 10 hours a day, but in exceptional cases, they 
may be permitted to start at 6.30 a.m. They will not 
be allowed to work after 7.15 p.m. 





Representatives of the National Union of Mine- 
workers resumed their discussions on the wages 
question with representatives of the National Coal 
Board last week. No decision was reached on the claim 
for an all-round increase of 20s. a week, but an official 
statement issued by the Board said that “ progress 
had been made.” It was agreed to meet again in a 
week. Speaking recently in South Wales, Mr. Arthur 
Horner, the general secretary of the National Union 
of Mineworkers, said that no freezing of wages, as dis- 
cussed by the Trades Union Congress General Council 
and representatives of the Government, could stay the 
movement among the miners for increased pay. The 
demanded increase of 20s. a week was, in his opinion, 
modest. 





According to figures issued by the Ministry of Fuel 
and Power, voluntary absenteeism among coal-face 
workers rose from 5-96 per cent. to 6-05 per cent. in 
the week which ended on October 25, and the total of 
voluntary absenteeism for all mine-workers was 4-64 
per cent., compared with 4-62 per cent. in the previous 
week. Ove output, per man-shift, remained at 
1-10 tons. 





In the industries covered by the statistics periodically 
compiled by the Ministry of Labour and National 
Service, the changes in rates of wages reported to have 
come into operation in the United Kingdom during 
September, resulted in an aggregate increase estimated 
at approximately 33,0001. in the weekly full-time 
wages of about 243,000 workpeople. In addition, a 
number of workpeople had their hourly rates increased 
so as to give approximately the same weekly wages as 
before for a shorter working week. The principal 
groups of workpeople affected were those employed in 
the iron and A industry, the baking industry in 
Scotland, the retail grocery trade in Scotland, furniture 
manufacture by the Co-operative Wholesale Society, 
Limited, in England and Wales, and brick manufacture 
in Fletton. In the nine months January to September, 
inclusive, 2,829,000 workpeople received increases in 
weekly wages totalling 864,2001.; in the first nine 
months of 1946, 7,100,000 workpeople received about 
2,500,0001. eer 

Of the total increase of 33,0001. in September, about 
18,8001. resulted from arrangements made by Joint 
Industrial Councils or other joint standing bodies 
established by voluntary agreement; about 14,0001. 
was the result of negotiations between employers and 
workpeople or their representatives ; and the remainder 
was the result of Orders made under the Wages Councils 
Act. 





The changes in hours of labour reported to have 
come into operation in September resulted in an 
average reduction of 2? hours a week for about 41,000 
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py ag oo The principal industries affected were 
the fur trade, in which the normal working week jn 
respect of which the minimum rates are payable, was 
reduced from 48 to 44 hours; the leather goods, sadq- 
lery, and harness manufacturing industry, in which the 
normal working week was reduced from 48 to 45 hours - 
the retail grocery trade in Scotland, in which the 
normal working week was reduced from 48 to 46 hours : 
the baking industry in Scotland, where the normal 
working week was reduced from 46 to 45 hours in 
those districts in which a 45-hour week was not pre- 
viously in operation; the sawmilling industry jn 
England and Wales, in whicn tne ner working week 
of labourers employed at import mills was reduced 
from 47 to 44 hours ; and the iron and steel industry in 
North Lincolnshire, in which the normal weekly working 
hours of skilled engineers and labourers employed on 
maintenance work at blast-furnaces and in iron and 
steel works, were reduced from 48 to 44. During the 
nine completed months of 1947, changes in hours of 
labour reported to have come into operation have 
resulted in an average reduction of about 3$ hours a 
week for about 4,650,000 workpeople. 





The number of industrial disputes leading to stop. 
pages of work in the United Kingdom, reported as 
having begun in September, was 104. In addition, 
10 stoppages which began before September were still 
in progress at the beginning of that month. The 
appropriate number of persons involved during 
September in these 114 stoppages, including persons 
thrown out of employment at the establishments 
concerned, though not themselves parties to the 
disputes, was over 85,000. The aggregate number of 
working days lost was about 354,000. Of the 114 
stoppages officially known to have been in progress 
at some time in September, the coal-mining industry 
accounted for 60, involving over 74,000 persons and 
resulting in an aggregate loss of about 318,000 working 
days. 





Thirteen of the 104 stoppages which began in 
September, directly involving 5,700 persons, arose out 
of demands for increases of wages ; 38, directly involv- 
ing 2,700 persons, arose out of other wage questions ; 
3, directly involving 1,400 persons, arose out of ques- 
tions concerning working hours ; 16, directly involving 
4,000 persons, arose out of questions respecting the 
employment of particular classes or people; 31, 
directly involving 2,000 persons, arose out of other 
questions relating to working arrangements; and 3, 
directly involving 200 persons, arose out of questions 
of trade-union principle. 





In the nine months, January to September inclusive, 
1947, there were 806 stoppages in coal-mining, involving 
243,500 persons and resulting in a loss of 747,000 
working days. The corresponding figbres for engin- 
eering were 55 stoppages, 11,500 persons and 74,000 
working days; for shipbuilding, 91 stoppages, 62,400 
persons and 300,000 working days; for the iron 
and steel and other metal industries, 71 stoppages, 
12,900 persons, and 35,000 working days; and for 
transport, 73 stoppages, 114,400 persons, and 562,000 
working days. In all, there were, in the nine months 
of 1947, 1,277 stoppages involving 493,300 persons, 
and resulting in an aggregate loss of 1,963,000 working 
days. 





New regulations, issued late in March under the 
Canadian Unemployment Insurance Act, change the 
system of notifying job vacancies to the National 
Employment Service. Employers are now required to 
notify the National Employment Service of any unfilled 
vacancies 24 hours after they occur, in order to give 
the public employment offices an opportunity to refer 
applicants to the vacancies. The regulations apply 
only to insurable employment; if the employer's 
office which directly controls engagement is more than 
12 miles from the nearest local employment office, 
and is seeking labour only locally, the vacancies need 
not be notified. In addition, the regulations change 
the reporting system which had previously been in 
effect under the National Selective Service Civilian 
Regulations. Under the new procedure, employers 
furnish to the local employment offices a half-yearly 
report showing for each month the number of employees 
in their employment at the beginning of the month, 
the number engaged during the month, the number 
withdrawn during the month, and the number in their 
employment at the end of the month. 





A labour force survey by the Canadian Bureau of 
Statistics showed that in the year November, 1945, 
to November, 1946, total employment figures rose by 
310,000. At the same time, the number of persons not 
in the labour force increased by 226,000 , that figure is 
partly accounted for by the withdrawal from the labour 
market of 183,000 women to return to house work. 
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LUBRICATION IN DRAWING 
OPERATIONS.* 


By E. A. Evans, H. Stuman and Proressor 
H. W. Swirt. 
(Concluded from page 455.) 

GRAPHITE is one of the softest solids, and is one 
of the most valued solid lubricants; it flakes easily 
into a dark opaque powder. A diamond is the hardest 
substance known, is highly abrasive and is brilliantly 
transparent ; yet both the diamond and graphite are 
precisely the same chemically. Their physical appear- 
ance and properties are due entirely to their crystallo- 
graphic structure. Each carbon atom in the diamond 
is surrounded by four others tetrahedrally arranged, 
and as the forces are oriented along four lines drawn 
from the centre of the tetrahedron to its corners, there 
is a great resistance to change along these directions, 
which causes the hardness. Graphite consists of flat 
layers of hexagonal rings of carbon atoms separated 
by a comparatively large distance. It has a unique 
fourth electron which appears to be loosely held, and 
may well be the cause of the great difficulty in convert- 
ing graphite into diamond. Both forms of carbon 
are remarkably stable. It is possible to understand 
beyond doubt that lubrication occurs with graphite 
by a sliding of the flakes over each other, and that if 
there is a disinclination to slide, the flakes of graphite 
simply pull part into smaller flakes, and yet retain 
their crystal structure. Carbon black is not regarded 
favourably as a lubricant, and need not be considered 
for deep drawing. The carbon atoms are arranged 
hexagonally as in graphite, but the “ platelets” are 
stacked in considerable disorder. This type of shuffle 
disorder is called the turbostratic system. Doubtless 
the failure of carbon black and similar carbons is due 
to the haphazard packing. 

There are other solids which have a flake formation 
somewhat similar to graphite, the most common 
being mica. Calcite is another, but it is harder and 
the individual crystals are thicker. There is a form 
of iron oxide which is visually indistinguishable from 
graphite. In deep-drawing tests it is nearly equal to 
tallow, but is inferior to graphite. Naphthalene has 
proved to be interesting as it also crystallises in flakes 
and has a hexagonal structure. It is soft, and melts 
at 78 deg. F. Finely-divided solids, such as red 
lead and French chalk, even when suspended in oil, are 
subordinate, and flowers of sulphur show no beneficial 
qualities; but white lead in linseed oil has useful 
properties. 

Having regard to the complexity of the physical and 
constitutional properties which affect the performance 
of a drawing lubricant, it seems clear that, in the 
present state of knowledge, the only useful basis for 
the comparison of different lubricants must be a form 





* Paper presented at the Autumn Conference of the 
Sheet and Strip Metal Users’ Technical Association, held 
in London on September 25 and 26, 1947. Abridged. 
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of test as nearly simulative as possible of the conditions 
encountered in drawing operations. Whether or not 
a single standard test procedure can be devised which 
will cover drawing operations of various kinds, is a 
matter for empirical inquiry. For a given operation, a 
consideration of the functions of the lubricant and the 
basic properties which it requires to perform those 
functions, suggests that its performance might be 
predicted from the results of two different tests: one 
to determine its anti-frictional qualities and the other 
to determine its ease of removal after the drawing 
operation. 

Some years ago, one of the authors made a compre- 
hensive series of tests* using a number of different 
lubricants, nearly 100 in all including proprietary 
compounds, applied to the drawing of a simple cylin- 
drical cup from a circular blank, without appreciable 
ironing. For these tests, mild-steel and brass blanks, 
0-036 in. thick and 4 in. in diameter, were drawn 
with a punch 2 in. in diameter; and aluminium 
blanks 3-5 in. in diameter were drawn similarly. 
These blank diameters were chosen to ensure that 
any reasonable lubricant would give a successful 
draw; but it was found that a few failures occurred 
with mild steel and aluminium. 

The chosen basis of comparison between lubricants 
for a particular metal was the maximum punch load 
required during the drawing operation, the best 
lubricants, of course, corresponding to the lowest 
loads. The drawing loads with the best lubricants 
were found to be less than those obtained without lubri- 
cation, by about 18 per cent. in the case of mild steel 
and brass, and 38 per cent. in the case of aluminium. 
It was also found that certain lubricants, including 
a straight mineral oil, caused an increase, rather than 
a reduction, in the drawing load. 

As a result of these tests, the lubricants were placed 
in an order of merit for each metal, and the most 
generally satisfactory ones are shown in Table I. 
The numbers in the table indicate the order of merit 
of the lubricant, when used with the metal shown. 


TABLE I.—Comparison of Lubricants in Free Drawing. 








: Alu- 

Lubricant. Mild Steel.| Brass. mainiues, 
Graphite in tallow .. 11,400 9,300 2,030 
Parax* sia a 12,000 9,300 1,950 
Graphite in soluble oil 11,300 9,800 1,930 
Anhydrous sodium soap ..| 12,100 9,500 1,980 
Beeswax in turpentine a 11,900 9,600 2,040 
Tallow oie a we 2,800 9,700 2,230 
White leadt in linseed oil ..| 12,300 9,600 2,290 
Dry graphite aie ne 1,700 10,100 2,510 











- Two parts paraffin wax, one part kerosene, one part mineral 
oil. 
t Poisonous, 


It will be seen from this table, and still more fully 
by reference to the earlier paper, that the most efficient 
lubricants are generally distinguished by a solid 
constituent. Pure liquids, even fatty oils and liquids 
commonly used as extreme-pressure lubricants, appear 





* Institution of Automobile Engineers, Symposium on 
Deep-Drawing Research, 1940. 





definitely inferior in this comparison to solid lubricants 
or compounds with a solid “filler.” In recordi 
these results, it was pointed out.that the speed of 
drawing adopted in the tests (about 1 in. a minute), 
was well below the usual industrial range, and the 
temperature of the apparatus was substantially the 
same as that of the laboratory. Since it had been 
shown that the efficiency of certain lubricants, such as 
mineral grease, improves with increased drawing speed 
more than that of graphite, it was suggested that some 
caution should be exercised in making practical use 
of the results. 

An interesting though less comprehensive demonstra- 
tion of the effect of lubrication under still more severe 
conditions than those of a free-drawing operation, was 
described in a more recent paper* on the subject of the 
‘“‘ wedge-drawing test.’”” In this case, the primary 
function of the lubricant was to reduce friction between 
the edges of the wedge-shaped specimen and the 
tapered faces of a die, and it was shown that the reduc- 
tion of load made possible by the use of an efficient 
lubricant is from 30 to 40 per cent. in this case, and the 
advantage of colloidal graphite, even over tallow, is 
quite systematic and marked. 

The range of inquiry covered by these earlier tests 
has recently been extended to embrace a number of 
other representative drawing operations, although it 
was not felt necessary to try all the lubricants used in 
the earlier free-drawing investigation. In the light of 
experience and recent developments in lubrication 
practice, a careful selection was made, and the lubri- 
cants chosen are set out along the base of the diagrams 
in Figs. 1 to 3, on this page. The lubricants are indi- 
cated by the following letters: O, no lubricant; A, 
mineral oil ; B, naphthalene tetrachloride ; C, thioether 
phosphite ; D, hypoid; E, tallow; F, sodium oleate ; 
G, chromium oleate ; H, calcium oleate ; J, phosphoric 
acid ; K, kaolin ; L, graphite in tallow ; and M, graph- 
ite in acetone (which evaporates during drawing). The 
operations to which these lubricants were applied, were 
as follows :— 

(1) A free-drawing operation with a 2-in. diameter 
punch, without significant ironing, exactly similar to 
that adopted in the earlier tests. 

(2) A drawing operation similar to (1), but with no 
net clearance between punch and die, so that corrective 
ironing occurs in association with drawing, and limits 
the wall thickness to 0-038 in. nominal. 

(3) A purely ironing operation, in which the walls 
of a previously drawn cup are thinned from 0-038 in. 
to 0-023 in., by means of dies with straight-tapered 
profiles and semi-angles of 10 deg. and 30 deg., respec- 
tively. The cups are annealed before the ironing 
operation. 

(4) A similar ironing operation carried out on a solid 
bar, 2 in. in diameter, instead of a thin-walled cup. 
The radial depth of ironing is 0-015 in., corresponding 
to a diametral reduction of 0-030. The die used for this 
test had a semi-angle of 10 deg. and a parallel throat 
$ in. in axial length. 

(5) A tube-sinking operation in which a mild-steel 
tube, 2 in. initial internal diameter, and having walls 
0-040 in. thick, is drawn without a mandrel through a 
die giving a final external diameter of 1-70 in. The 
die has a straight taper of 15 deg. semi-angle, running 
into a profile radius of 0-125 in. at the throat. 

All these operations were carried out with mild-steel 
specimens, while the free drawing and the ironing on 
thin-walled cups was also carried out with brass and 
aluminium. In every case, two tests were made under 
identical conditions, and in cases where the results of 
these two tests differed appreciably from one another, 
or were unexpected in relation to others, a third test 
was carried out. The results are plotted in Figs. 1 to 3, 
and are shown as percentage reductions or increases 
compared with no lubricant conditions, in Tables II, 
III and IV, on page 478. It will be seen that the 
lubricants have been grouped for purposes of com- 
parison in four categories: true liquids, ow, soaps 
and phosphoric acid, and solid fillers. For the pur- 

of obtaining some figure of merit, the operations 
sod also been grouped into those which are primarily 
drawing, and those which are mainly ironing. 

Referring first to the results with mild steel, plotted 
in Fig. 1 and recorded in Table II, it will be seen that 
none of the straight liquid lubricants has any appre- 
ciable anti-frictional effect under any of the conditions 
of drawing or ironing. Since these liquids include types 
of recognised value for ‘‘ extreme-pressure”’ condi- 
tions, it seems clear that straight liquids as a class are 
not suitable for the severe conditions encountered in 
drawing operations on mild steel. It is a little surpris- 
ing to find that in several cases, notably tube-sinking 
with mineral oil, the lubricant actually caused an 
increase in the drawing load. It is unlikely that this 
a mt anomaly is due to any vestige of oxide or 
png film, which might have partly Tubricated the 
so-called ‘‘ dry ” metal, because in all cases the speci- 
mens were cleaned with petroleum ether before testing 





* ENGINEERING, Vol. 159, pages 38, 77, and 136 (1945). 
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of liquid lubricants. 


The tests with tallow show that it has a definite value 
as a lubricant, under both drawing and ironing condi- 
tions ; the mean load reduction is 10} per cent. in the 
drawing on and 10 per cent. for ironing. Of the 
three soaps, sodium and calcium oleates have very 
similar effects, while the chromium soap seems to be 
more efficient than these under drawing, and less 
, conditions. Taking the soaps 
as a whole, the mean load reduction in the oe 
The 

oric acid, which is classed with the oleates 
merely because it is likely to form a compound surface 
film by chemical reaction, gives reductions of 11} and 
11 per cent. in the two groups, values which are com- 


efficient. under ironing 


group is 14} per cent., and in ironing 15 per cent. 


parable with those for the oleates. 


Among the solid lubricants, that with kaolin as a 
base gives a performance very similar to the soaps 


TABLE II.—LUvUBRICANTS IN DRAWING OF MILD STEEL: PERCENTAGE LOAD REDUCTIONS. 
Increases shown in brackets. 


*‘ dry.” In any case, the cause is mainly of academic 
interest, since the result emphasises the unsuitability 


Nov. 14, 1947. 








compared, but under a single set of conditions, 


ironing with dies of both angles. 


to good advantage with brass, and are, on the whole, 
even better than the graphite lubricants, with reduc- 
tions approaching 20 per cent., as compared with 
12 per cent. for the graphites. 

Under the more severe conditions of ironing, the 
liquid lubricants seem quite useless, giving rise in all 
cases to an increased ironing go en tage when 
mineral oil is used with the small-angle die. The 



























































Cup Ironing 
Lubricant. Draw. |Drawand| Tube | Average. Bar Average. 
Iron, | 8 m6: | s0-Deg. | 30-Deg. | Ironing. _ 
Die. Die. 
Mineraloil .. 2-2 (1-1) (15-5) (3-6) (4-6) (0-7) 
Hephthelene (1-0) (3-9) 0 (18) 1-0 0-1 (0-9) 
phosphite (4-0) (3-3) 0 2-9 1-1 
— o4 1-0 1-3 2-9 (1-1) 0-3 
Tali sy 7-9 10-5 12-8 10-4 7-9 4-1 18-2 10-1 
Sodium oleate 6-1 3-6 29-9 17-1 11-1 29-8 
Chromium oleate 12-8 11-8 23-9 14-4 7-0 (1-1) 14-9 
Calcium oleate 7-6 6-3 27-3 20-6 7-6 27-1 
acid 8-2 2-9 23-1 11-4 11-2 11-2 11-2 
in ate 9-3 7-5 24-0 13-6 1-3 (6-1) (2-4) 
Graphite in tallow 11-3 13-2 22-8 17-8 17-7 6-8 25-8 18-8 
Graphite (dry) 15-1 13-2 31-0 18-7 14-0 29-6 
TABLE III.—LvUBRICANTS IN DRAWING OF BRASS: PERCENTAGE LOAD REDUCTIONS. 
Increases shown in brackets. 
Cup Ironing. 
Draw and 
Lubricant. Draw. A * Ave ; 
ome —— 10-Deg. 30-Deg. ae 
Die. Die. 
— 5-2 2-1 (18-2) (3-3) 
Na tetrachloride 1-3 (0-8) 2-8 (3-4) (1-8) (6-5) 
phite (1-5) 2-4 (8-8) (5-2) 
Be a es se 6-4 7:3 (8-4) (2-5) 
Tallow .. 3-7 9-3 6-5 7-2 7-5 7-3 
Sodium oleate 12-7 18-8 3-6 3-3 
Chromium oleate 10-6 14-6 19-6 9-5 6-1 5-2 
Calcium oleate 28-0 32-7 3-5 5-0 
Graphite in tallow 12:8 43 a 14-7 12-6 oe 
iow ° 4- % 4- ° 9. 
Graphite (dry) .. 6-9 14-0 12-0 13-3 52 12-4 


























TABLE IV.—LUBRICANTS IN DRAWING OF ALUMINIUM: PERCENTAGE LOAD REDUCTIONS. 
Increases shown in brackets. 











Cup Ironing. 

Lubricant. Draw. Draw and Average. Average. 

Iron, 10-Deg. 30-Deg 

Die. Die. 

a sty (3-5) (7-5) 9-1 5-8) 
Na tetrachloride (10-6) (6-1) (3-1 5-5 2-4 se 

phite . (8-1) (3-6) ) 4-7 0-3 

Hypoid .... (0-7 (0-4) 4-9 6-1 
Tallow |. 21- 13-9 17°5 24-9 (8-5) 8-2 

ium 6-4 9-6 26-2 (6-1) ) 
Chromium oleate 14-1 13-6 14-4 (4-7) (11-3) 3-1 

Calcium oleate 22- 20-0 9-8 4:6 
ae ce a ee ae 

Ta) . . . 7- P 

Graphite (dry) 5-0 3a} 11-0 40-0 23-1 24-4 




















under drawing conditions, namely a reduction of 13} 
per cent., but it does not behave well in ironing, and 
in fact appears to cause an increase, rather than a 
diminution, in the load. On the other hand, the two 
graphite lubricants show to advantage in both groups of 
operations ; in drawing, the mean reduction is nearly 
18 per cent., and in ironing 19 per cent. In most 
operations, the dry graphite film which is found when 
the acetone has evaporated, appears to be slightly 
superior to the suspension in tallow, but the difference 
is scarcely significant. It is interesting to note that 
the a of three free-drawing tests made with 
kaolin, following an application of phosphoric acid, 
showed a load reduction of nearly 15 per cent., compared 
with 8 per cent. with phosphoric acid alone, and 9 per 
cent. with kaolin alone. 

Among all the lubricants used with mild steel, there 
can be no doubt that those with a fairly divided graphite 
base, are definitely superior for anti-frictional purposes, 
both for drawinvg and ironing operations. This con- 
clusion is consistent with that reached in the earlier 





tallow and soaps give a load reduction of 5 to 7 per 
cent., while the kaolin gives nearly 10 per cent., and 
the graphite lubricants about 12} per cent. 

The tests with aluminium, used in the same operations 
as brass, gave the results shown in Fig. 3 and Table IV. 
Under conditions of free or corrective drawing, the 
pure liquid lubricants appear to have no anti-frictional 
effect, while the tallow, soaps, and graphite in tallow 
produce diminutions of 15 per cent., or more. In this 
case, the dry graphite (applied in acetone) and kaolin 
do not show to advantage, giving reductions of load 
of the order of only 5 per cent. It seems that tallow 
(with or without graphite) and soaps (particularly 
calcium soap) are the best types of lubricant for the 
drawing of aluminium. 

The tests with aluminium under ironing conditions 
gave rather surprising results, which in some respects 
show a marked difference between the two die angles. 
In the first place, it will be noticed that the ironing 
loads, in general, are considerably higherthan the draw- 


tests in free drawing, when many more lubricants were 


The tests with brass were not carried out under so 
many conditions as those with steel, owing to lack 
of material, but they covered the conditions of free 
drawing, drawing with corrective ironing, and pure 
The results in 
Fig. 2 and Table TII show trends which are generally 
similar to those with mild steel. Under free or corrective 
drawing, the pure liquid lubricants show no significant 
advantage, with the exception of hypoid, which gives 
about 7 per cent. reduction in load. The soaps show 


course, this is largely due to the fact that the free, 
wing ratio was similar with aluminium, while th, 
ironing reduction was the same. The results with the 
larger (30-deg.) die angle show that, although the 
pure liquid lubricants appear to have some slight 
anti-frictional effect, tallow, soap, kaolin and graphite 
in tallow, all give an increased ironing load. In fact 
the only lubricant among those tested, which seems at 
all satisfactory in this case, is dry graphite, which 
produces a reduction of 23 per cent. With the smal] 
(10-deg.) die angle it will be seen that the basic ironing 
load is some 35 per cent. higher than with the larger 
angle, and also that the “spread” of the results 
between various lubricants is noticeably greater. Apart 
from mineral oil, which in this case has a measurable 
anti-frictional effect, liquid lubricants are found to be 
generally unsuitable, and so is kaolin. Tallow, with 
or without graphite, shows to good advantage (about 
25 per cent. reduction), and so does sodium soap, though 
for some reason chromium soap proves inferior in this 
application. By far the best results, however, were 
given by dry graphite, the reduction of 40 per cent, 
being even greater than with the lerge-angle dic. 
These quantitative comparisons conform with the 
results of an inspection of the aluminium cups after 
ironing. Every cup, except those lubricated with dry 
graphite, showed signs of scoring after ironing. In some 
cases, more particularly those in which liquid lubri. 
cants were applied, the scoring was only slight, but in 
others the scoring was so severe as to break away 
pieces from the end of the cup; and with all the cups 
ironed through the 10-deg. die with calcium or chrom- 
ium soap, actual rupture occurred round the whole 
circumference of the walls. In contrast with these, the 
cups ironed with dry graphite were found to have 
attained a highly polished surface, and the advantage 
of this type of lubricant for ironing operations on 
aluminium appears quite outstanding from both the 
anti-friction and surface-perfection standpoints. On 
the other hand, as already pointed out, tallow and 
calcium soap seem to have established a claim as more 
suitable lubricants for ordinary drawing operations with 
aluminium. 
The use of a lubricant for drawing generally gives 
rise to a problem in the subsequent cleaning of the 
metal preparatory to plating, painting, or some other 
finishing process. The contaminants to be removed 
may be divided into four groups: (1) mineral oils, 
which are soluble in organic solvents, but generally 
non-saponifiable ; (2) saponifiable oils (mainly animal 
and vegetable) which are attacked by alkalies, and 
are soluble in organic solvents ; (3) dirt, such as car- 
bonaceous matter, metal swarf, etc., not soluble in 
the usual degreasing agents; and (4) alkali soaps, 
insoluble metallic soaps, and resinous substances, which 
may or may not be soluble in alkalies or organic 
solvents. The methods available for degreasing are : 
(1) washing in a cheap inflammable grease solvent, 
such as paraffin, naphtha, or petrol ; (2) immersion in 
an emulsifiable solvent which can be rinsed off with 
water; (3) washing in a non-inflammable grease 
solvent, usually a chlorinated hydrocarbon, such as 
trichlorethylene or carbon tetrachloride ; (4) vapour 
or liquor-vapour degreasing in a specially designed 
plant using a non-inflammable solvent; and (5) the 
use of a detergent solution containing an appropriate 
mixture of alkalies, detergents, wetting agents, etc. 
able solvents, being dangerous and slow to 
act, are only used for rough cleaning in small tanks. 
Non-inflammable solvents are more costly, but they 
are more effective for removing grease, and are used in 
specially designed plant to prevent waste. There are 
several chlorinated hydtocarbon solvents, but tri- 
chlorethylene is generally used. It boils at 87 deg. C., 
is readily vaporised, does not form combustible or 
explosive mixtures with air, and is a solvent for most 
greases, oils, tars and gums, and also for rubber and 
many resins. Its stability towards heat and light 
is improved by small additions of certain chemicals, 
such as amines, but, in any case, it must not be 
heated above 120 deg. C. Trichlorethylene-vapour 
degreasing does not remove soaps, such as are often 
contained in drawing compounds. Such insoluble 
residues may be left as a hard cake, which may be 
removed partly by dipping the article in the liquid, 
but this has the disadvantage that a slight residue of 
grease may be left on the article. For many purposes, 
the residues which may remain after vapour or liquor- 
vapour degreasing, are of no great importance ; but 
they must be removed immediately (to prevent rusting) 
before electroplating, by an aqueous degreasing treat- 
ment. The cleaning of articles in an emulsifiable 
solvent (the solvent and the contaminant being washed 
off with water afterwards), does not produce a very 
high degree of cleanliness, and is only suitable for 
rough work. 
Alkaline solutions are most widely used for cleening 
almost all types of articles and surfaces, and they act 
by three main methods: saponification, whereby 
particles of grease react with the alkali to form soluble 





ing loads, in contrast with the other twd metals, but, of 


soaps ; emulsification, as a result of which, oils that 
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do not react chemically with alkalies are dispersed in 
the bath; and deflocculation, or the dispersal of the 
dirt particles so that they acquire electrical charges, 
and therefore do not re-coalesce. Recently, however, 
it has been suggested that in metal cleaning the action 
ig mainly in the nature of mechanical dispersal of the 
oil by reduction of interfacial tension, with saponifica- 
tion and emulsification playing secondary roles. The 
chief alkalies used for the solutions are caustic soda, 
NaOH; caustic potash, KOH; sodium carbonate, 
Na,CO,; sodium silicates, Na,Si0,,cH,O; and tri- 
sodium phosphate, Na,PO,,12H,O. Caustic soda is 
highly soluble, and has excellent saponifying proper- 
ties; it is, however, unpleasant to use. It cannot be 
used for metals such as zinc or aluminium, which are 
attacked by alkaline solutions of high pH value. 
Caustic potash has properties similar to those of 
caustic soda, but is more expensive. Sodium car- 
bonate (soda ash) is a very useful alkali; it is not 
excessively caustic, and has better rinsing properties 
than caustic soda. It is one of the most important 
constituents of many cleaning compositions. Sodium 
silicates ate available commercially in a number of 
grades of varying alkalinity. They have good deter- 
gent properties, and are suitable for use with metals 
which are sensitive to the more caustic alkalies. When 
used in admixture with the latter, a sodium silicate 
renders them less liable to attack sensitive metals. It 
has excellent peptising and emulsifying properties, 
and, unlike caustic soda end sodium carbonate, has 
little effect on the emulsifying properties of soap 
solutions. Trisodium phosphate is a very mild alkali 
having especially good free-rinsing properties; and it 
is an effective cleaner for zinc-base alloys. 

It is not possible to give the composition of an 
alkaline cleaning solution which will suit all classes of 
work; the composition must be chosen for the particular 
degreasing operation. Most solutions have relatively 
high surface tensions, and therefore small amounts of 
soaps, or the newer wetting agents, are added to prompt 
peptisation and emulsification. The advantages of 
the wetting agents, as compared with soaps, are that 
they can be selected so as to be unaffected by heavy 
metal or alkaline earth compounds, and that they can 
be included in cleaning solutions of low alkalinity, 
such as are required for degreasing sensitive metals. 
Soaps cannot be added to such solutions, because they 
decompose at pH values of less than 10-2. Alkaline 
cleaning solutions are generally used hot in mild-steel 
tanks or in spraying machines; they are cheap and 
easily handled. An electric current at about 12 volts 
is sometimes connected to the article to be cleaned 
(which forms the cathode), and to an anode in the form 
of mild-steel plates. The gas which is thus liberated 
on the surface of the article assists the cleaning. 

The cleaning solution must have good dispersing 
and emulsifying properties, to ensure that after the 
gtease is removed it remains in the solution in a finely- 
divided form, and does not coalesce and re-deposit 
on the article. Alkaline cleaning solutions have the 
advantage, compared with vapour degreasing, that 
they ensure chemically-clean surfaces; after the 
cleaning it is only necessary to rinse in clean water, 
when the article will be ready for the subsequent 
process. Dipping in the alkaline cleaning bath, 
however, may be preceded by vapour degreasing, to 
economise in renewals of the alkaline solution. Some 
of the waste grease may be removed by skimming the 
surface, but ultimately the solution becomes inefficient 
and has to be renewed. 

There is no entirely satisfactory method of testing the 
efficiency of cleaning. The commonest test is to apply 
a standard oil film, by dipping the metal in a solution 
of the contaminant in a volatile solvent, and then to 
submit it to the action of the cleaner. The minimum 
time to ensure the absence of a “* water-break,”” when 
the metal is removed from the solution, is a measure of 
the efficiency of the cleaner. Another method is to 
examine the surface under ultra-violet light, when the 
presence of residual oil is shown by fluorescence. 
This effect can be enhanced by adding a small amount 
of fluorescent dye to the contaminating oil. 





INSTITUTE OF TRANSPORT EXAMINATION PAPERS.—The 
graduateship and associate-membershbip examination 
questions for 1947 of the Institute of Transport are now 
obtainable from the secretary, 15, Savoy-street, London, 
W.C.2, price 1s., post free. Sets of papers for 1944-46 are 
also available. 





JUNIOR INSTITUTION OF ENGINEERS.—The inaugural 
meeting of the 67th session of the Junior Institution of 
Engineers will be held at the Royal Society of Arts, John 
Adam-street, Adelphi, London, W.C.2, on Friday, 
December 12, at 6.30 p.m. The outgoing President, 
Major-General A. W. Sproull, O.B., C.B.E., M.1.Mech.E., 
will present the Institution’s awards, gained during his 
year of office, and will induct his successor, Mr. R. A. 
Riddles, C.B.E., M.I.Mech.E., who will then deliver his 
presidential address, entitled ‘‘ The Coronation Scot— 
A Railway Development.” 


ANTI-FREEZE LIQUID DISTRI- 
BUTORS FOR CONDUCTOR RAILS. 


Tue London Passenger Transport Board have intro- 
duced a device for preventing the formation of ice on 
the conductor rails in the open-air sections of the 
Board’s railway tracks by distributing anti-freeze 
liquid automatically by the passage of trains. The 
covering of ice, which acts as an electrical insulator, 
causes trains to stall, and is consequently a source of 
traffic delays during the winter. About 90 of the 
distributors were used on certain sections of the 
Bakerloo Line during the winter of 1946-47, and as they 
proved successful, installation was continued during the 
summer, bringing the total number at present in use 
to approximately 200. It is hoped that this will be 
increased to about 400 by the end of the year, and 
that all lines above ground will be fully equipped by 
the end of 1948. The programme requires the manu- 
facture and installation of approximately 850 anti- 
freeze distributors. The sections which are already 
equipped include the Bakerloo Line from Finchley Road 
to Stanmore, and the Central Line from North Acton to 
Greenford. Installation is in progress on the Piccadilly 
Line, and it is anticipated that all open sections from 
Cockfosters to Uxbridge and Hounslow will be com- 
pleted in readiness for the coming winter. 

The anti-freeze equipment, a photograph of which 
is reproduced on this page, consists of a metal bath 





which embraces a gap in the rail and contains anti- 
freeze liquid, which is transferred to the top surface 
of the conductor rail by the passage of the car collector 
shoes over a rubber roller partly immersed in the bath. 
The equipment may be brought into use, or put out 
of action, by moving a small lever at one side of the 
bath, which raises or lowers the roller. The distance 
between adjacent distributors on the same rail depends 
on local conditions, particularly track gradient and 
train stopping places. It has been found that, if 
a distributor is left in operation continuously, the 
frequent passing of collector shoes will spread the 
anti-freeze solution along the top of the conductor 
rail for some miles; but since it is necessary for the 
rails to be wholly covered within three or four hours 
after bringing the anti-freeze equipment into operation, 
the distance between adjacent distributors on sections 
where stalling is expected to occur, has been fixed at 
600 to 900 yards. 

Previously, the formation of ice was prevented by 
running special trains. Anti-freeze liquid wes sprayed 
on to the rails from these trains when freezing tempera- 
tures were expected; but there were severe! dis- 
advantag iated with this method. It was often 
necessary to switch on the current at short notice during 
the night—a tice which interfered with mainten- 
ance work. Fedthinnen, it was not always possible 
to cover the rails in time to prevent trouble; and 
during the winter it was necessary to maintain a 
considerable number of “ sleet ” trains at depots, where 
they had to be kept manned ready for immediate use. 








REMOVAL OF WELDING FumMES.—The benches used by 
oxy-acetylene welders for the reclamation of worn parts, 
at the London Passenger Transport Board’s Acton 
railway works, have been provided with fume-removal 
equipment. An electric suction-fan is connected by 
pipes to intakes immediately above the benches. A 
stand pipe at the side of each bench is surmounted by a 
hinged arm of hollow square section forming a duct 
which terminates at the intake. The position of the latter 








may be adjusted as required. 





CATALOGUES. 


Motor Repair Parts.—A leaflet issued by Messrs. Wagner 
Electric Corporation, 6,400, Plymouth-avenue, Saint 
Louis 14, Missouri, U.S.A., illustrates several kite of 
spare parts for the repair of the small motors for domestic 
and industrial use manufactured by the firm. 
Cam-Grinding Machines.—Messrs. The Churchill Ma- 
chine Tool Company, Limited, Broadheath, near Man- 
chester, have sent us a catalogue describing their cam- 
grinding machines. Four nominal sizes are available, 
namely, 10 in. by 20 in., 10 in. by 36 in., 10 in. by 50 in., 
and 10 in. by 60 in. 


Pressed-Steel Storage Bins and Office Equipment.— 
Messrs. Randalrak, Limited, 106, Victoria-street, London, 
S.W.1, have sent us two leaflets describing their system of 
pressed-steel construction for industrial storage and for 
office equipment, respectively. The various racks, trays, 
shelves, lockers, etc., are on the unit principle, and the 
units can be combined and extended as required. 
Surface Condensing Plant.—An informative publication 
has reached us from Messrs, C. A. Parsons and Company, 
Limited, Heaton Works, Newcastle-upon-Tyne, 6, on 
the subject of surface condensing plant. It is well illus- 
trated, and clearly explains the principles of construction 
of such parts of the plant as condensers, steam-jet air 
ejectors, and extraction pumps. 

Mobile Crane.—We have received from Messrs. K, and 
L. Steel Founders and Engineers, Limited, Letchworth, 
an illustrated leaflet describing the Jones Super 15 
Mobile Crane, which is operated by a 6-h.p. “‘ Coborn ” 
air-cooled industrial petrol engine. It will handle loads 
of 4 cwt. at 16 ft. radius and of 15 cwt. at 5 ft. radius, 
and will travel at 150 ft. per minute with full load. 

Oil Burners for Heat-Treatment Furnaces,—Messrs. 
Wild-Barfield Electric Furnaces, Limited, Elecfurn 
Works, Watford By-Pass, Watford, have sent us an 
illustrated leafiet describing the use of their Paragen 
burners for the heat-treatment of steel without decarburi- 
sation. The burners, which use paraffin, provide an 
atmosphere free from objectionable elements, such as 
sulphur, while it has no toxic effects and the risk of 
explosion is avoided. 

Aluminium Floor Coverings.—We have received from 
The British Aluminium Company, Limited, Salisbury 
House, London Wall, London, E.C.2, a leaflet describing 
the floor coverings known as aluminium matting. The 
leaflet illustrates the wide variety of surface patterns 
available, such as plain ribbing, diamond chequer, 
square and pyramidal projections, etc. Full size sections 
of the different patterns are given together with particu- 
lars of the several alloys available, size and thickness of 
sheets, etc, 

Tubular Dust Collectors.—Messrs. Prat-Daniel (Stan- 
more), Limited, Dalston-gardens, Stanmore, Middlesex, 
have issued a new catalogue, P.15, of their tubular dust 
collectors, for use with the chimneys of boilers and 
furnaces, in preventing atmospheric pollution. The 
booklet, which is fully illustrated, describes the applica- 
tion and operation of the apparatus and an interesting 
diagram shows how far from the top of a 200-ft. high 
chimney dust of different micron sizes can be carried by 
winds of varying force. 

Oil-Engined Shunting L otives.—A very complete 
and exceptionally detailed catalogue, entitled ‘‘ Economi- 
cal Haulage,”” has been issued by Messrs. Ruston and 
Hornsby, Limited, Lincoln, to illustrate and describe 
the range of oil-engined locomotives for shunting and 
other purposes manufactured by them. This range 
covers locomotives, with three-speed gear boxes, capable 
of hauling loads on the level of from 60 tons to 152 tons, 
the rail gauge ranging from 18 in. to 36 in., and the 
wheelbase from 2 ft. 64 in. to 3 ft. 11} in. 


Motor-Vehicle Chassis.—An illustrated specification of 
their Regal Mark III overseas-type single-deck passen- 
ger chassis has been received from Messrs. The Associated 
Equipment Company, Limited, Southall, Middlesex. 
The specification is trilingual, all headings descriptive 
matter and captions to the illustrations being printed in' 
English, Spanish and Portuguese. Many of the sectional 
illustrations are reproduced in colour and are similar to 
those included in previous specifications of the Regent 
Mark III chassis. Full technical details of the chassis are 
given and, in addition, the principal dimensions and 
suggested seating plans for 24- and 35-seater bodies are 
included. 

Aircraft.—Two new handbooks have been issued 
recently by Messrs. de Havilland Aircraft. Company 
Limited, Hatfield, Hertfordshire. The first of these 
gives a general statement on the Dove aircraft and is 
intended for prospective purchasers. The second hand- 
book is a general information booklet of pocket size, 
giving a directory of all de Havilland establishments 
at home and overseas. Comprehensive data in Eng- 
lish and metric figures are given for all current 
marks of de Havilland aircraft, piston and turbine 
engines, and propellers, as wellas details of their various 
training activities. Historical notes on all earlier de 








Havilland aircraft are included. 
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ENGINEERING. 








** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 
The number of views given in the Specification Drawi 

is stated in each case ; here none to manilousd, the 

Specification is not illustrated. 

Where inventions are communicated from abroad, 
ae etc., of the Communicators are given in italics. 


Ci  Rpniyations: ep may be obtained at the Patent 
pn, — 


we Southampton Buildings, 
Tig dale ofthe, adertiogment of the acceptance of a 
Complete S: 


the 


W.C.2, price 18. each. 
after the abstract 


each case, unless the Patent has been sealed, ehen he 
word “* Sealed ” is appended. 


Say poreee mae. af any time within two months from the 
of the ig ee of the acceptance of a Complete 
Specification, notice at the Patent Office of 


opposition to the” grant } x a@ Patent on any of the 
grounds mentioned in the 


FURNACE APPARATUS. 


589,400. Manipulator for Furnace Charging and 
Forging. The Wellman Smith Owen Engineering 
Corporation, Limited, of London, and I. Kay, of London. 
(3 Figs.) March 21, 1945.—This invention relates to 
furnace-charging apparatus and manipulators for use in 
forging and similar equipment. Such apparatus may 
beofvariousforms. It may be suspended from overhead, 
run on rails, or may be mounted on wheels so that it 
can be moved to any desired position over a floor. In 
manipulators used for handling heavy forgings under a 
power hammer or press, when a forging is struck in an 
edge-on attitude, a severe angular wrench occurs, which 
is communicated to the work carrier and the gearing 
employed for turning it. The object of the invention 
is to provide an apparatus which enables the wrenching 
effect to be cushioned and possible damage to the equip- 
ment avoided. The work carrier or peel 1, provided 
with grips 2 for holding the work, is rotated about its 
longitudinal axis by gearing 3, 3a. The peel 1 rotates in 
bearings 4 in a frame 5 which can be moved in a vertical 
plane up or down, and/or angularly. The train of 
gearing 3 for rotating the peel may be driven in any 
convenient way. The spur wheel 3a, instead of being 
keyed to the peel is loosely mounted on it. Axially 








(589,400) 


displaced from this spur wheel 3a there is keyed on the 
peel 1 a driving element 6 which can be moved along 
the peel in the axial direction (a keyway is shown at 7) 
but is urged towards the hub of the spur wheel 3a by a 
powerful spring 8. On the opposite side of the spur 
wheel 3a is an abutment collar 9 bearing against a 
shoulder-on the peel 1 and a similar abutment collar 10 
screwed on the peel, is also provided for the spring 8. 
The effect of the spring 8 is to maintain a strong pressure 
between the driving element 6 and the hub of the spur 
wheel 3a. The end faces of the driving element.6 and 
the hub of the spur wheel 3a which are forced into con- 
tact by this pressure are inter-engaged so that torque 
may be transmitted from one to the other and the 
inter-engaging parts are shaped to provide faces which 
will cause the driving element to tend to separate 
from the spur wheel against the action of the spring 8 
when torqueis transmitted. Thus, any angular displace- 
ment of the peel 1 relative to the spur wheel 3a, such 
as may be caused by a severe angular wrench, will tend 
to produce a corresponding axial separation of the 
driving element 6 from the spur wheel 3a. This move- 
ment is resisted by the spring 8 and can only take 
place when the force exerted by the spring is overcome 
by a pre-determined value of torque. This torque, of 
course, is transient in nature and when it is removed 
the spring 8 urges the driving element 6 back towards 
the spur wheel 3a, and restores the full engagement. 
( Accepted June 19, 1947.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 

588,553. Dial Gauge. E.H. Jones (Machine Tools), 
Limited, of London, and E. S. Hammett, of London 
(2 Figs.) November 16, 1943.—The invention is a pre- 
cision indicator gauge of the dial type, constructed so 
that very small dimensions can be measured accurately 


without the use of gears to increase the ratio between the 
movement of the dial needle and the feeler making 
contact with the workpiece. A lever 1 rotates on a fixed 
pivot 2 at one end of the body 3 of the gauge, the feeler 4 
for making contact with the work projecting beyond the 
body 3 and being adjustably secured to the lever1. The 
adjustment is provided so as to facilitate contact with the 
workpieces in different positions, but when once adjusted 
to the required position, the feeler 4 and the lever 1 act as 
a single lever pivoted between its ends at 2. The other 
end of the lever 1 terminates approximately half way 
along the body 3 of the gauge and has formed at this end 
an open-ended slot 5. The lever 1 has a bowed portion 6 
so as to permit a pivot pin to be provided at 7. This 
pivot pin 7 is located at approximately one third of the 
length of the lever 1 from its slotted end and carries a 
second lever 8. This second lever is provided with a 
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stud 9 which engages the slot 5, andin this way movement 
of the lever 1 imposed by movement of the finger of the 
feeler 4 is transmitted to the lever 8. The lever 8, which 
may be of the same length as, or slightly shorter than, the 
first lever, carries at its free end a tooth 10 which engages 
a helical groove 11 on the spindle 12 carrying the dial 
needle 13. By providing the two levers 1 and 8 and 
connecting them in the manner described, the total 
length of the gauge does not exceed that of a normal 
1/2000-in. gauge. This gauge enables 1/10,900 in. to 
bemeasured and shownon the dial with a deflection of the 
needle corresponding to that normally shown for 1/2000 
in. The lengths of the levers may be modified, and by 
varying the distances between the pivot pin of the lever 8 
and the pin 9 the movement of the dial needle can be 
reduced or increased. To eliminate any slack in the 
levers 1 and 8 and in the connection between the two 
levers, a blade spring 14 anchored in the body of the 
gauge engages the lever 8 in the slot 16. This blade 
spring can be reversed so that the slack can be eliminated 
in either direction, according to the direction in which 
measurement is to be made. (Sealed.) 


TEXTILE MACHINERY. 

588,575. Roller Heads for Spinning Frames. Twee- 
dales and Smalley (1920), Limited, of Castleton, and E. G. 
Smalley, of Castleton, Lancashire. (1 Fig.) December 20, 
1944.—This invention applies to roller heads for spinning 
frames, its object being to obtain a better control and 
drawing out of the fibres before they are presented to the 
main drafting of the front rollers; to obtain a better 
drive for an endless band which forms part of an inter- 
mediate drafting arrangement, and to obviate the use 
of the cradles or guides which are ordinarily used for 
keeping the band in position. It is intended also to 
improve the weighting arrangement of the saddle that is 
used for weighting two of the top rollers, so that a clear 
space exists between the roller head and the roller beam, 
which is kept free of the weight hooks and other projec- 
tions usually present, thus rendering it easy for the 
operative to clean the roller beam ; and to introduce an 
improved design of cap bar which will not accumulate 
fluff and can be easily cleaned. A and B indicate the 
two solid self-weighted top rollers which are arranged 
around part of the periphery of a single bottom back 
roller C, with the result that the sliver is held at two 
points instead of one and greater control over it is 
obtained. D indicates the second bottom roller which 
is made of large diameter and acts as a driver for the 
endless band E which runs over the nose bar F and isin 
contact with two top rollers G, H, the top roller G being 
situated in proximity to the front pair of drafting rollers 
J,K. The endless band is driven by the roller D which 
is finely fluted to ensure a good driving surface, and, 
owing to its large diameter, ensures a good arc of contact 
between itself and the band. The nose bar F over which 








the band E passes has a smooth surface to minimise the 
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collection of fluff. A saddle L bears on the journal ping, 
of the rollers J, H, and is weighted by a weight M gug. 
pended from the lever N which is pivoted at N? on a bap 
O which extends along the frame and is situated at some 
distance above the roller beam P. The lever N is cop. 
nected near its front end to the bottom end of a link Q 
the top end of which is attached to the saddle L. The 
lever N and weight M are easily removable from the 
link Q when necessary. The front bottom roller K jg 
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carried by a roller stand Kl. This stand carries an 
adjustable slide K? which supports the nose bar F and 
the bottom roller D within the band, also the back bottom 
roller C, and cap R, and a sliver transverse guide K?, 
Adjustment is provided between the rollers J and G, the 
rollers H, A and B being automatically set in position by 
the cap bar and not separately adjustable. A clearer § 
carried by the saddle L serves to clean the front top 
roller J while another clearer T cleans the front bottom 
roller K. The endless band E is cleaned by a clearer U 
which also cleans the bottom back roller C. (Accepted 
May 28, 1947.) 


MISCELLANEOUS. 


588,756. Shaft Coupling. The United Steel Companies, 
Limited, of Sheffield, and E. R. Coy, of Rotherham, 
(8 Figs.) March 23, 1945.—This invention is particu- 
larly useful in connection with shaft couplings for 
rolling-mill drives, in which the two mill rolls are 
respectively connected to two pinions in mesh with each 
other and coaxial with the mill rolls, by means of two 
coupling spindles. In such arrangements, the mill rolls 
and the pinions are of fixed location and it is desirable 
to be able to remove and replace the two coupling 
spindles without disturbing this fixed location. The 
mill rolls 1 are respectively coaxial with their driving 
Pinions 2, and bave short shafts 4 extending from them 
towards the pinions 2, which also have short shafts 3 
extending from them towards the mill rolls. The 
coupling spindles 5 are connected between the shafts 3 
and 4, thereby completing the drive from the piuions to 
the mill rolls. The ends of the coupling spindles 5, and 
the corresponding ends of the short shafts 4 and 3 are 
formed with external splines and are connected by means 
of sleeves 6 formed with corresponding internal splines. 
Thus, each coupling spindle 5, with two sleeves 6 fitted 
on its splined ends so as not to overhang its extremities, 
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is placed in position between the two shaft ends 3 and 4, 
which it is to connect, and each sleeve is then slid forward 
into engagement with the splined end portion of the 
adjacent shaft. Each sleeve 6 mates with the adjacent 
splined end portions of the coupling spindle and the 
shaft 3 or 4 and thereby connects the coupling spindle 
tothe shaft. Locking devices are provided for preventing 
the sleeves 6 from sliding back. Thus, until the locking 
devices are released, the coupling spindles and shafts are 
securely connected. The external splining of each shaft- 
end and spindle-end consists of four strong longitudinal 
ridges 7 spaced at 90 deg. to each other. The internal 
splining of each sleeve 6 corresponds. The locking 
device for preventing each sleeve 6 from sliding back to 
the release position comprises a disc-shaped locking 
plate 8, which has a central opening of the same shape 
as that of the splined bore of the sleeve. The portion 
10 of each coupling spindle 5 betw the splined ends 
is cylindrical, as shown, and of a diameter not greater 
than the minimum diameter of the splined portion, 
(Sealed.) 
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